Certain Studies on Mosquitoes of Rajkot City by Vyas, Sumit M.
          Saurashtra University 
     Re – Accredited Grade ‘B’ by NAAC 
     (CGPA 2.93) 
 
 
 
 
Vyas, Sumit M., 2008, “Certain Studies on Mosquitoes of Rajkot City”, thesis 
PhD, Saurashtra University 
  
http://etheses.saurashtrauniversity.edu/id/eprint/594 
  
Copyright and moral rights for this thesis are retained by the author 
 
A copy can be downloaded for personal non-commercial research or study, 
without prior permission or charge. 
 
This thesis cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the Author. 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the Author 
 
When referring to this work, full bibliographic details including the author, title, 
awarding institution and date of the thesis must be given.  
 
 
 
 
 
 
 
 
 
Saurashtra University Theses Service 
http://etheses.saurashtrauniversity.edu 
repository@sauuni.ernet.in 
 
© The Author 
CERTAIN STUDIES ON MOSQUITOES OF 
RAJKOT CITY 
 
 
 
 
 
Thesis  
submitted to the 
SAURASHTRA UNIVERSITY 
For the degree of 
DOCTOR OF PHILOSOPHY 
 
 
 
 
 
 
 
By 
SUMIT M. VYAS 
Department of Biosciences 
Saurashtra University 
Rajkot – 360 005 
 
  
 
 
 
 
 
 
DEDICATED TO MY GUIDING TEACHER 
Prof. V. C. SONI 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
To 
MY PARENTS & FAMILY 
 
 
 
 
 
 
 ACKNOWLEDGEMENT 
 
I have my immense pleasure to express my deep sense of gratitude and obligation to my 
esteemed guide Prof. V. C. Soni under whose superb guidance, keen interest, meticulous 
efforts, constructive criticism and persistent encouragement the present assignment 
came to its successful end. 
 
I am grateful to the Head, Department of Biosciences, Saurashtra University, Rajkot, 
for providing me the necessary laboratory facilities for the work. 
 
I highly appreciate the help extended by Shree Raj Sir, Entomologist, Malaria 
Department of Rajkot Municipal Corporation for his great support and cooperation. 
 
I am grateful to Dr. H. C. Srivastava, Director of Malaria Research Institute, Nadiad 
and Dr. P. T. Joshi, Head Entomologist, National Vector Borne Disease Control 
Programme (NVBDCP), Gandhinagar for their guidelines and support. 
 
I am grateful to my colleagues Dr. Sanjaybhai, Suresh, Rajan,  Ravi,  Poonam,  Neera, 
Naresh, Vishal, Nikunj and friends Rajiv, Rohan, Dr. Snehalbhai, Ashish, Kamlesh, 
Lalit, Anil, Harindrasinh, Jignesh and other well wishers whose names are not 
mentioned here.       
 
No words would be sufficient to express my gratitude to parents Shree Mukeshbhai 
Vyas and Smt. Jaishreeben Vyas, younger brother Tarak and my beloved Ms. Yamini, 
for their encouragement and moral support all through the course of my studies.  
 
 
TABLE OF CONTENTS 
                 Page No. 
ACKNOWLEDGEMENT 
CHAPTER – I INTRODUCTION                                            1 
1.1 Background                                                                                                            1                     
1.2 Mosquito Ecology                                                                                                       1 
1.3 Major mosquito borne diseases in India                                                                     3    
1.4 Antimosquito measures                                                                                               7 
1.5 Socioeconomical aspects                                                                                            9 
1.6 Aim and objectives of the study                                                                                11 
 
CHAPTER – II STUDY AREA                                                                                               12 
 2.1 Study Area                                                                                                                12 
 2.2 Water management and drainage system                                                                  16 
 
CHAPTER – III MOSQUITO BIONOMICS                                                                        18 
 3.1 Material and Methods                                                                                               18 
  3.1.1 Meteorological data                                                                                   18 
3.1.2 Site selection                                                                                              18 
  3.1.3 Classification of mosquito breeding sites                                                  19 
  3.1.4 Classification of domestic resting habitats                                                20  
            of mosquitoes 
  3.1.5 Larval and Adult mosquito collection                                                        20 
 
Page No. 
  3.1.6 Larval and Adult mosquito identification                                                  22 
  3.1.7 Classification and morphological characters for                                        23 
                               identification of mosquitoes 
 3.2 Results                                                                                                                       35 
  3.2.1 Mosquito breeding places                                                                          35 
  3.2.2 Adult mosquito resting places                                                                    39 
  3.2.3 Mosquito larval density (LD)                                                                     44 
  3.2.4 Adult mosquito density (Man per Hour Density-MHD)                            49 
  3.2.5 Seasonal effect on mosquitoes                                                                   54 
 3.3 Discussion                                                                                                                 57 
CHAPTER – IV PESTICIDE STUDIES                                                                              103 
 4.1 Material and Methods                                                                                             103 
             4.1.1 Test for mosquito larvae (The Elliot Larval test)                                     104 
             4.1.2 Bioassay of adult mosquitoes                                                                   105 
                        4.1.3 Test for fumigant effect of commercially used insecticide on adult 
mosquitoes                                                                                            106   
 4.2 Results                                                                                                                     108 
  4.2.1 Larvicidal effect                                                                                       108 
  4.2.2 Adult Bioassay test                                                                                  114 
  4.2.3 Effectiveness of commercially used insecticide                                      115 
 4.3 Discussion                                                                                                               116 
 
 
Page No. 
CHAPTER – V CITIZEN AWARENESS                                                                            122 
5.1 Material and Methods                                                                                             122 
 5.1.1 General awareness survey                                                                        122 
 5.1.2 Hospitalized patients survey                                                                    122 
5.2 Results                                                                                                                     123 
 5.2.1 General awareness survey                                                                        123 
 5.2.2 Awareness among hospitalized malaria patients                                     127 
5.3 Discussion                                                                                                               130 
 5.3.1 General public awareness                                                                        130 
 5.3.2 Awareness among malaria patients                                                          131                      
  
CHAPTER – VI CONCLUSION                                                                                          139 
 
CHAPTER – VII VECTOR CONTROL MODEL                                                             143 
 
CHAPTER – VIII SUMMARY                                                                                             147 
 
REFERENCES                                                                                                                        152 
 
PLATES                                                                                                                                   163 
 
APPENDIX                                                                                                                              172 
 
                                                LIST OF TABLES                                                 Page No. 
2.1. Details of ward wise Rajkot population (as per RMC census 2005).                                  13 
2.2. Details of Ward numbers before and from 2006.                                                                14 
3.1. Mosquito species larvae contraction (%) in various habitats at Rajkot  
       during 2004.                                                                                                                         66 
3.2. Day time resting habitat of adult mosquito species in Rajkot on the bases of  
       adult  collection during 2004.                                                                                              67 
3.3. Chi-Square (χ2) test for the significance of day time resting habitats of adult  
       mosquito species in Rajkot on the bases of adult collection.                                               68 
3.4. Average Larval Density (LD) per litre per month (with SD) of mosquito  
       species found in Rajkot during 2004.                                                                                  69 
3.5. Ward wise average Larval Density (LD) per litre per ward (with SD) of  
       mosquito species found in Rajkot during 2004.                                                                   70 
3.6. Average adult density (Average Man per Hour Density - MHD) per month 
       (with SD) of mosquito species found in Rajkot during 2004.                                             71 
3.7. Ward wise average adult density (Average Man per Hour Density - MHD)  
       per ward (with SD) of mosquito species found in Rajkot during 2004.                              72 
4.1. Average effect of Abate (Temephos 50% EC) larvicide on selected larval 
       mosquito species.                                                                                                               118 
4.2. Average effect of Baytex 1000 (Fenthion 82.5% EC) on selected larval  
       mosquito species.                                                                                                               119 
4.3. Average effect of selected insecticides on adults of vector mosquito species.                  120 
4.4. Average effect of selected insecticides on adults of vector mosquito species.                  120  
 
Page No 
4.5. Average effect of commercially used insecticide containing (cyfluthrin 0.025%, 
transfluthrin 0.04%) on adults of selected mosquito species.                                          121 
5.1. Details of the hospitals visited at Rajkot.                                                                           132 
5.2. Profile of interviewed persons (n=2000).                                                                          132 
5.3. Profile of the interviewed patients (n=120).                                                                      136 
6.1. Different concentrations of Abate (Temephos 50% EC) recommended  
       for different time intervals.                                                                                                142 
6.2. Recommended months for larvicidal and insecticidal activities.                                       142 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LIST OF FIGURES                                                Page No. 
2.1.    Rajkot city map with ward numbers after 2006.                                                               15 
3.1.    Morphological features for the adult Anopheles female  
          mosquito identification.                                                                                                    24 
3.2.    Morphological features for the adult Culex and Aedes female  
          mosquito identification.                                                                                                    25 
3.3.   Thorax Dorsal                                                                                                                    26 
3.4.   Thorax Lateral                                                                                                                    26 
3.5.   Wing                                                                                                                                   26 
3.6.   Anopheles stephensi                                                                                                           27 
3.7.   Anopheles subpictus                                                                                                           28 
3.8.   Anopheles culicifacies                                                                                                        29 
3.9.   Culex quinquefasciatus                                                                                                      30 
3.10. Culex tritaeniorhynchus and Culex vishnui                                                                       31 
3.11. Aedes aegypti                                                                                                                     32 
3.12. Aedes vittatus                                                                                                                     33 
3.13. Armigeres obturbans                                                                                                          34 
3.14. Average Larval Density (LD) / litre / month of An. stephensi during 2004.                     73 
3.15. Average Larval Density (LD) / litre / month of An. subpictus during 2004.                     73 
3.16. Average Larval Density (LD) / litre / month of An. culicifacies during 2004.                  74 
3.17. Average Larval Density (LD) / litre / month of Cx. quinquefasciatus during 2004.         75 
3.18. Average Larval Density (LD) / litre / month of Cx. tritaeniorhynchus during 2004.        75                     
3.19. Average Larval Density (LD) / litre / month of Cx. vishnui during 2004.                        76 
 
Page No. 
3.20. Average Larval Density (LD) / litre / month of Ae. aegypti during 2004.                        77 
3.21. Average Larval Density (LD) / litre / month of Ae. vittatus during 2004.                        77 
3.22. Average Larval Density (LD) / litre / month of Ar. obturbans during 2004.                    78 
3.23. Average Larval Density (LD) / litre / ward of An. stephensi during 2004.                       79 
3.24. Average Larval Density (LD) / litre / ward of An. subpictus during 2004.                       79 
3.25. Average Larval Density (LD) / litre / ward of An. culicifacies during 2004.                    80 
3.26. Average Larval Density (LD) / litre / ward of Cx. quinquefasciatus  
          during 2004.                                                                                                                      81 
3.27. Average Larval Density (LD) / litre / ward of Cx. tritaeniorhynchus  
         during 2004.                                                                                                                       81 
3.28. Average Larval Density (LD) / litre / ward of Cx. vishnui during 2004.                           82 
3.29. Average Larval Density (LD) / litre / ward of Ae. aegypti during 2004.                           83 
3.30. Average Larval Density (LD) / litre / ward of Ae. vittatus during 2004.                           83 
3.31. Average Larval Density (LD) / litre / ward of Ar. obturbans during 2004.                      84 
3.32. Average Adult Man per Hour Density (MHD) / month of An. stephensi  
          during 2004.                                                                                                                      85 
3.33. Average Adult Man per Hour Density (MHD) / month of An. subpictus  
          during 2004.                                                                                                                      85 
3.34. Average Adult Man per Hour Density (MHD) / month of An. Culicifacies 
          during 2004.                                                                                                                      86 
3.35. Average Adult Man per Hour Density (MHD) / month of  
          Cx. quinquefasciatus  during 2004.                                                                                   87 
3.36. Average Adult Man per Hour Density (MHD) / month of Cx. tritaeniorhynchus            87  
Page No.           
         during 2004.                                                                    
3.37. Average Adult Man per Hour Density (MHD) / month of Cx. vishnui  
          during 2004.                                                                                                                      88 
3.38. Average Adult Man per Hour Density (MHD) / month of Ae. aegypti  
          during 2004.                                                                                                                      89 
3.39. Average Adult Man per Hour Density (MHD) / month of Ae. vittatus  
          during 2004.                                                                                                                      89 
3.40. Average Adult Man per Hour Density (MHD) / month of Ar. obturbans  
          during 2004.                                                                                                                      90 
3.41. Average Adult Man per Hour Density (MHD) / ward of An. stephensi   
          during 2004.                                                                                                                      91 
3.42. Average Adult Man per Hour Density (MHD) / ward of An. subpictus  
          during 2004.                                                                                                                      91 
3.43. Average Adult Man per Hour Density (MHD) / ward of An. culicifacies   
         during 2004.                                                                                                                       92 
3.44. Average Adult Man per Hour Density (MHD) / ward of  
         Cx. quinquefasciatus during 2004.                                                                                     93 
3.45. Average Adult Man per Hour Density (MHD) / ward of  
         Cx. tritaeniorhynchus during 2004.                                                                                   93 
3.46. Average Adult Man per Hour Density (MHD) / ward of Cx. vishnui       
         during 2004.                                                                                                                       94 
3.47. Average Adult Man per Hour Density (MHD) / ward of Ae. aegypti  
         during 2004.                                                                                                                       95 
Page No. 
3.48. Average Adult Man per Hour Density (MHD) / ward of Ae. vittatus  
         during 2004.                                                                                                                       95 
3.49. Average Adult Man per Hour Density (MHD) / ward of Ar. obturbans  
         during 2004.                                                                                                                       96 
3.50. Average annual Larval Density (LD) / litre of mosquito species 
         found in Rajkot during 2004.                                                                                             97 
3.51. Average annual Adult Man per Hour Density (MHD) of mosquito  
         species found in Rajkot during 2004.                                                                                98 
3.52. Adult Man per Hour Density (MHD) of Anopheles species / total rain fall (cm) /  
          average temperature (0C) / average relative humidity (%) / month during 2004.             99 
3.53. Adult Man per Hour Density (MHD) of Culex species / total rain fall (cm)  
         / average temperature (0C) / average relative humidity (%) / month  
         during 2004.                                                                                                                     100 
3.54. Adult Man per Hour Density (MHD) of Aedes species / total rain fall (cm)  
         / average temperature (0C) / average relative humidity (%) / month  
         during 2004.                                                                                                                     101 
3.55. Adult Man per Hour Density (MHD) of Armigeres species / total rain fall  
         (cm) / average temperature (0C) / average relative humidity (%) / month  
         during 2004.                                                                                                                     102 
 
 
 
 
                                                 LIST OF PLATES                                                           Page No. 
Plate. 3.1.   Pond                                                                                                                       163 
Plate. 3.2.   River                                                                                                                       163 
Plate. 3.3.   Pool                                                                                                                        164 
Plate. 3.4.   Ditch                                                                                                                       164 
Plate. 3.5.   Pukka open type of drainage (constructed)                                                            165 
Plate. 3.6.   Kachcha open type of drainage (Not constructed)                                                 165 
Plate. 3.7.   Ditch of sewage water in open area                                                                       166 
Plate. 3.8.   Uncovered concrete tank under stair case                                                              166 
Plate. 3.9.   Overhead tank (Covered)                                                                                       167 
Plate. 3.10. Underground tank (Covered)                                                                                 167 
Plate. 3.11. Cement drums of different size and capacity                                                         168 
Plate. 3.12. Metal drums                                                                                                           168 
Plate. 3.13. Plastic Drum                                                                                                           169 
Plate. 3.14. Different types of small vessels of different materials                                          169 
Plate. 3.15. Concrete houses                                                                                                     170 
Plate. 3.16. Multistoried apartments                                                                                         170 
Plate. 3.17. Mud houses                                                                                                            171 
Plate. 3.18. House with presence of Domestic cattle and cattle shed                                       171 
 
 
 
 
 1
CHAPTER – I 
INTRODUCTION 
1.1 Background 
People fight globally against mosquitoes and mosquito borne diseases. Malaria, dengue, 
filaria, Japanese encephalitis, west nile virus and chikungunya are the major diseases 
spread globally by different mosquito species. These diseases are challenge for the 
developed and developing countries of the world. Knowledge about mosquitoes and their 
role in spreading diseases is known since hundreds of years. Mosquitoes are very well 
recognized as vectors of protozoan parasites, viruses and other pathogenic organisms.  
 
1.2 Mosquito Ecology 
Mosquitoes are distributed through out the world and have occupied many niches 
including the higher altitudes. Thirty four mosquito species of five different genera were 
recorded within the altitudinal range of 300 to 2000 meter from Garhwal region (Pemola 
and Jauhari, 2004). Effect of climatic factors like temperature, humidity and rain fall also 
have impact on the mosquitoes. Climate has been established as an important determinant 
in the distribution of vectors and pathogens (Pemola and Jauhari, 2006). The effects of 
land use change by humans have long been recognized as a factor in the exacerbation of 
mosquitoes and mosquito-borne diseases. These alterations can be placed onto several 
broad and overlapping categories including water retention systems, deforestation, 
agricultural development and urbanization. In addition to these alterations human 
behavior associated with each of these landscape modifications may contribute 
significantly to vector and disease transmission (Douglas and Norris, 2004). The major 
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tropical vector-borne diseases are usually viewed as an environmental consequence of 
underdevelopment, occurring in communities (Brightmer and Fantato, 1998). Local 
mosquito distribution and flight range is dependent upon breeding habitat preference, 
availability of the host and resting preference. Biological invasions challenge our ability 
to understand the biotic and abiotic process that governs distribution and abundance 
(Steven et al., 2004). Different mosquito species exhibit particular type of rhythmic 
pattern of behavior during their life cycle. Majority of the mosquito species rest during 
day time and their activities start little before the dusk and ends little after dawn. Majority 
of the Anopheles and Culex species are night time biters, where as species of Aedes and 
Armigeres have been reported biting usually during day time. Feeding host preference of 
mosquitoes varies from human to other mammals and birds (Patel, 2002). 
 
No matter what the mosquito species, water is essential for breeding. The larval stage is 
aquatic and mosquito larval habitats are many and varied, such as tree holes to ponds and 
lakes. Over all mosquito larvae prefer still water. Some mosquito species are fresh water 
breeders where as some mosquito species breed in organic water (i.e. sewage). 
Mosquitoes have shown their ability of adaptation and sustenance. Rapid urbanization 
and development have given more chances to mosquitoes for breeding. Disease outbreaks 
are naturally associated with water sources and water use, as mosquitoes are unavoidably 
linked to aquatic breeding sites for the immature stages. Human alteration of the 
environment continues to expanding mosquito breeding habitats. These land use 
alterations may be unavoidable; however, a better understanding and recognition of the 
effects of habitat modification may lead to better land use strategies (Douglas and Norris, 
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2004). Water management deficiencies have resulted in man-made mosquitogenic 
conditions facilitating proliferation of the vectors. With the improvement in irrigation 
facilities, there has also been increase in mosquitogenic conditions. Shortage of water 
also increases mosquitogenic conditions as water is stored for larger period of time (Joshi 
et al., 2005). 
 
1.3 Major mosquito borne diseases in India 
1.3.1 Malaria 
In India 58 species of Anopheles have been reported (Das et al., 1990). Among these 
species only nine species viz. An. stephensi, An. culicifacies, An. varuna, An. sundaicus, 
An. fluviatilis, An. annularis, An. philippinensis, An. minimus and An. dirus have been 
known to transmit malaria. Of the nine established vectors of malaria, two species viz. 
An. stephensi and An. culicifacies are well known vector of malaria in urban and rural 
area respectively, in our country. Malaria is well-known oldest chronic and most 
widespread fatal disease that has plagued mankind for centuries, which also causes 
economical loss. At present, malaria is the Third world’s most dreaded killer (Singh and 
Rahman, 2001). The direct costs of malaria include a mixture of personal and public 
expenditures on both prevention and treatment of the disease and the indirect cost of 
malaria is the human suffering caused by the disease. Migration of population and 
precipitation of drug resistance in addition to the ecological conditions, remoteness and 
inaccessibility are contributing to the problem of malaria (Joshi et al., 2005). 91 countries 
and 40% of the world’s population are at risk of malaria (Matta et al., 2004). The world-
wide malaria incidence is estimated to be 300-500 million clinical cases every year 
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(Matta et al., 2004). India is one of the affected countries. Millions of people die every 
year due to malaria. Most of the arid and semi-arid parts in western India fall in an 
unstable malaria zone in the country (Srivastava and Yadav, 2000). Until recently malaria 
was considered to be a predominant disease of rural areas in India but now it has become 
a serious threat to urban life also. High incidence of malaria patients have been reported 
from various cities of India. It was estimated that average 1000 people out of 10,000 
suffer with malaria every year in Saurashtra, Gujarat (Patel, 2002). 
 
1.3.2 Filaria 
Filaria has been recognized as one of the major public health problems in India. It is a 
chronic disease and consequent social, physical and economical hazards are enormous. 
Fifty nine species of mosquitoes are vectors of the filaria. Among them most important 
vector is Cx. quinquefasciatus. This species belongs to Cx. pipiens complex, which 
includes Cx. pipiens, Cx. quinquefasciatus, Cx. molestus, Cx. pallens, Cx. australiens and 
Cx. globocoxitus. Cx. quinquefasciatus is widely distributed in tropical and subtropical 
latitude, and is recorded up to over 1800 meters, above this altitude it is not found due to 
climatic conditions and lack of breeding places (Pemola and Jauhari, 2004). Increased 
mosquito nuisance in most urban areas is mainly because of Cx. quinquefasciatus (Batra 
et al., 1995). This species is responsible for 90% of the total transmission of the disease. 
Other than Cx. quinquefasciatus, Cx. pallens and Cx. molestus are the filarial vectors. Ae. 
polynesiensis, Ae. samoanus and Ae. poecilious of genus Aedes are the vectors of filaria. 
An. gambiae, An. flavirostris and An. barbirostris of genus Anopheles also transmits 
filaria worm. Mansonioides like M. annulifera, M. uniformis and M. Indiana are 
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important vectors of Burgian filariasis. These all species are distributed in different 
regions of the world and working as a disease causing agent. In India high microfilarial 
rates have been recorded in northern and coastal parts of Andhra Pradesh, Bihar, Tamil 
Nadu and Kerala and Coastal parts of Orissa and eastern parts of Uttar Pradesh. About 
2.5 million people are exposed to the risk factors with about 2 million microfilaria 
carriers and 1.2 million disease cases occurs in India (Patel, 2002).   
 
1.3.3 Dengue 
Dengue is one of the oldest mosquito borne diseases in India like Malaria. It is a virus 
borne disease. Dengue commonly occurs in urban, semi urban and rural areas. 
Occasionally it causes severe hemorrhagic manifestations, which may lead to the death of 
an individual. It also causes economical loss and affects the social functions (Viroj, 
2006). Ae. aegypti and Ae. albopictus are two well known vectors of dengue in India. Ae. 
aegypti is vector in the urban area, which was originally introduced in India from Africa. 
The earliest reports of dengue fever epidemics date back to 1779-1780 in Asia, Africa 
and North America, indication a widespread tropical distribution of Ae. aegypti during 
past 200 years (Marianne and Jonathan, 2001). It is well adapted to urban environment 
because of domestic breeding habits and its total dependence on man for a blood meal. 
Ae. albopictus is a vector of dengue in semi urban and rural area. About 50 million cases 
of dengue occur in India every year and 2.5 million people are under the risk of dengue 
viral infection. Continuing process of urbanization may cause dengue to become a more 
serious problem in the future, unless strict environmental control measures are enforced. 
Environmental degradation has serious public health consequences, since vectors and 
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pathogens rapidly adapt to exploit new ecological niches whenever they appear (Kwa, 
2006). 
 
1.3.4 Japanese Encephalitis (JE)   
Japanese encephalitis (JE) is prevalent in India since mid fifties. It was from Tamil Nadu 
that JE virus was isolated for the first time. It is essentially an animal virus and domestic 
pigs are its major reservoirs. Pigs in turn get the infection from birds, especially pond 
herons and egrets, through mosquitoes. Man is just an accidental link in the disease cycle 
and is not a source of infection for further transmission. Cases of JE were recorded on 
large scale from Uttar Pradesh, Bihar and Assam. Extensive spread of JE was reported in 
Karnataka and Andhra Pradesh. Out of 27 proven and suspected vectors of JE, Cx. 
vishnui and Cx. tritaeniorhynchus are the most important vectors of JE in India. Cx. 
epidesmus, An. subpictus, An. hyrcanus, An. barbirostris and Mansonia annulifera are 
also known as vectors of JE in India. JE virus also has been isolated from Cx. 
pseudovishnui, Cx. whitmorei and Cx. bitaeniorhynchus, Cx. gelidus and Cx. 
fuscocephala. Most of the region of Gujarat is free from JE but it is prevalent in north-
eastern and southern part of India. 
 
1.3.5 Chikungunya 
Chikungunya is a viral borne disease. It is spread by Ae. albopictus (Asian Tiger 
Mosquito). This mosquito is also known as jungle mosquito. Prevalence of this mosquito 
is more in semi-urban and rural areas. Thus more numbers of cases were reported from 
rural areas.  First case of chikungunya was described in Tanzania, Africa in 1952. The 
 7
first outbreak in India was in 1963 in Kolkata (Calcutta). Chikungunya is generally not 
fatal. However, in 2005-2006, 200 deaths were associated with chikungunya  with 
widespread outbreak in India, primarily in Tamil Nadu, Karnataka, Kerala, and Andhra 
Pradesh. After flood and heavy rains in Rajasthan, India in August 2006, thousands of 
cases were detected in Rajsthan, Bhilwara, Udaipur, and Chittorgarh districts and also in 
adjoining regions of Gujarat and Madhya Pradesh, and in the neighboring country of Sri 
Lanka. In the southern Indian state of Kerala, 125 deaths were attributed to chikungunya 
with the majority of the casualties reported in the district of Alapuzha, primarily in 
Cherthala. A recent outbreak of the disease during June 2007 in Pathanamthitta, 
Kottayam and Alappuzha districts of South Kerala, India claimed more than 50 lives. 
Some reports suggest that more than one hundred thousand are suffering from symptoms 
of chikungunya (www.wikipedia.org, www.medindia.net).  
 
1.4 Antimosquito measures 
Insecticides and larvicides are important weapons developed by men to fight against 
larval and adult mosquitoes. After development of applied chemistry so many simple and 
complex synthetic insecticides were developed. Insecticides and larvicides are formulated 
as dust, powder or liquid, which effect in different ways on different parts of insects. 
 
The stepping stone in the era of modern synthetic insecticides development was the 
discovery of DDT (Dichloro-diphenyl-trichlorethane). Paul miller in 1939 first 
discovered contact action of DDT against insects. Swiss Zeisler in 1872 synthesized DDT 
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and formulated in to dust and utilized as insecticide. Initially DDT was effective but now 
mosquitoes are becoming resistant to it.   
 
Presently insecticides belonging to different groups viz., organochlorine, 
organophosphate and synthetic pyrethroid are used for public health sprays in India. 
Strategy for the change of insecticides has always been reactive. Successive changes in 
insecticide were made after the failure of the control by the ongoing insecticide 
intervention. A subsequent change in the insecticides has led to sequential selection 
pressure of insecticides resulting in multiple insecticide resistant mosquito vectors 
(Anon., 2002). Mosquitoes breeding in peridomestic breeding sites in the field are 
becoming resistant to different insecticides used in the field to protect the crop. In spite of 
the sustained and prolonged use of chemical insecticides, these diseases are not only still 
prevalent but also outbreaks in to epidemics. Therefore, to minimize the dependency on 
chemical insecticides, efforts have been made for the search and development of 
alternative methods for the control of vector mosquitoes (Mittal, 2003).  Insecticide 
resistance is expected to directly and profoundly affect the reemergence of vector borne 
diseases and where resistance has not contributed to disease emergence; it is expected to 
threaten disease control (William and Janet, 1998).  
 
The development of botanical insecticides is also important in the terms of controlling 
chemical pollution and as a new alternative. The active materials in pyrethrum flowers 
extracts have found potential in controlling insect population and it is widely used in 
controlling of mosquitoes. Other known organic compound of botanical origin, which 
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have recorded potentiality are nicotine, anabasine, allethrin, cyclethrin, barthrin, 
dfimethrin, neopynamia, pyrethrin  alkoloids, obtained from different parts of plants after 
different chemical processes. 
 
1.5 Socioeconomical aspects 
Socioeconomic conditions of a community have direct bearing on the problem of 
diseases. Ignorance and impoverished conditions of people contribute in creation of 
source and spread of malaria and other mosquito borne diseases and also hinder disease 
control strategies. The environment in and around homes is more critical to people’s 
health. Knowledge regarding mosquitoes and malaria and health consciousness may help 
in control of the diseases. Lowered resistance due to malnutrition has been some of the 
predisposing causes of number of cases of malaria in poor households. General public 
suffers from malaria as is not taken very seriously. General public is unaware of malaria 
related symptoms and so promptness in treatment is not realized.  People are still 
confused over symptoms of malaria and its preventive measures. Major part of Rajkot 
population is poor in disease assessment, attitudes towards healthy life style and 
knowledge of malaria control strategy. Appropriate health education messages to public 
are important. In Rajkot every year hundreds of the people suffer from mosquito borne 
diseases. Efforts are being put by government to control mosquito population and disease 
spreading. In addition to that government is also running awareness programmes through 
media, despite diseases are not under control. 
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It is apparent from the foregoing account that the geographical and ecological profile 
combined with socio-economic status of a region permits proliferation of a vector 
mosquito population and consequent health hazard issues. During the last seven decades, 
unplanned growth in the form of urbanization, excessive deforestation, insecticide and 
pesticide hazards, construction of dams, development of new agro-ecosystems, etc. have 
resulted in the insurgence and resurgence of various vectors and vector borne diseases. 
The development of resistance in various mosquito species warrants that this group of 
insects needs an extraordinary and immediate attention (Jagdish and Jagbir, 2003). 
Quantitative and qualitative entomological information is required to assess the feasibility 
of any mosquito control programme. In chemical control measure, behavior and 
physiology of malaria vectors is affected directly and its long term application may lead 
to changes in ecology of vectors. Environmental factors also influence the adaptations by 
change (adjustments) which are accompanied by biological and behavioral changes 
(Bhatt et al., 1991). Rajkot is facing mosquito problem since several decades. Every year 
hundreds of people suffer from mosquito borne diseases. Malaria, dengue and most 
recent chikungunya are the mosquito borne diseases found in Rajkot city, in which 
malaria is more prevalent than any other disease. Disease spreading and vector 
population control have come up as biggest challenge to the local government body. Lots 
of efforts in terms of disease and vector control are being taken by local government 
body and private non government organizations.  
 
 
 
 11
1.6 Aim and objectives of the study 
Aim 
Considering the need of the detailed study on the mosquitoes in Rajkot city, this study 
was designed with following aim. To generate baseline data about mosquitoes in Rajkot 
city, understanding bionomics of mosquito species, evaluate susceptibility, tolerance and 
resistance status of larvae and adults of vector mosquito species and to estimate the 
awareness about mosquitoes and mosquito borne diseases, health consciousness among 
people and understand role of socio-economical and awareness related aspects 
influencing mosquitoes and related hazards.  
 
Objectives 
• To discover the mosquito species in the study area, 
• To study the ward wise larval and adult density, 
• To estimate influence of natural and anthropogenic factors on mosquitoes, 
• Establishment of susceptibility status of larvae and adults of vector species 
(Anopheles stephensi, Culex quinquefasciatus and Aedes aegypti) to pesticides 
being used, 
• Assessment of impact of awareness about mosquitoes and mosquito borne 
diseases on society,  
• To assess the knowledge and health consciousness about malaria among malaria 
patients, and 
• On the bases of the studies, plan of new strategy for disease control. 
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CHEPTER - II 
STUDY AREA 
2.1 Study area 
Rajkot city is selected for the study as mosquitoes are common all over throughout the 
city. Rajkot (long. 22017’N and lat. 70049’E) is the leading city of Saurashtra region in 
Gujarat state with a million human population. The Rajkot Municipal Corporation (RMC) 
area is divided in to 23 wards (Table. 2.1). These ward numbers have been changed 
during 2006 (Table. 2.2) but for convenience the Malaria Department (MD) of RMC has 
divided Rajkot in to four zones (Fig. 2.1).  
 
Rajkot has three large water tanks named Lalpari, Randarda and Sat Hanuman which are 
on the periphery of the city. Aji River passes through Rajkot dividing it in to two eastern 
and western parts. Four dams: Aji–I, Aji-II, Nyari-I and Nyari - II are situated on the 
western side of the city. Three main gardens: Racecourse, Jubilli and Jilla have been 
developed in ward no. 13, 15 and 3 respectively (Fig. 2.1). 
 
Climate of Rajkot city is semi arid type and there are three distinct seasons. March to 
June are summer months, monsoon season starts from July and ends during September 
and winter season starts from October and ends during February.    
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Table. 2.1: Details of ward wise Rajkot population (as per RMC census 2005). 
 
Ward 
no. 
Total area 
(sq.km) No. of houses  
Density of 
houses in 
ward 
No. of 
people 
Density  of 
people residing 
1 0.783 6000 7662.83 39,983 51063.86
2 0.786 4000 5089.05 38,568 49068.7
3 1.022 6000 5870.84 45,604 44622.31
4 1.017 2000 1966.57 24,822 24407.08
5 3.555 2500 703.23 30,168 8486.07
6 1.694 6500 3837.07 14,374 8485.24
7 3.714 20,000 5385.02 39,281 10576.47
8 0.867 10,000 11534.02 21,146 24389.85
9 1.459 5000 3427 22,206 15220.01
10 1.909 10,000 5238.34 41,789 21890.52
11 1.677 16,000 9838.99 22,440 13381.03
12 2.143 1,960 914.6 37,731 17606.63
13 2.471 8,000 3237.55 13,246 5360.58
14 3.734 5,000 1139.05 43,422 11628.81
15 1.312 14,000 10670.73 45,581 34741.61
16 6.093 13,000 2133.59 32,431 5322.66
17 11.639 11,480 939.99 39,651 3406.73
18 5.276 5,040 955.26 79,215 15014.21
19 6.337 6,160 972.06 42,102 6658.67
20 2.937 3,360 1144.02 38,359 13060.61
21 16.227 25,000 1540.64 89,165 5494.85
22 4.883 17,000 3481.47 38,663 7917.88
23 15.314 32,200 2102.65 80,709 5270.27
 
 
 
 
 
 14
 
 
 
 
Table. 2.2: Details of ward numbers before and from 2006.   
 
Ward nos. effective 
during study period 
i.e. 2004 
Ward nos. effective 
from 2006 
1 22 
2 17 
3 18 
4 19 
5 15 
6 16 
7 20 
8 19 
9 23 
10 14 
11 9 
12 11 – 14 
13 8 
14 2 
15 4 
16 3 
17 5 
18 6 
19 7 
20 10 
21 13 – 21 
22 11 
23 1 – 12 
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Figure. 2.1: Rajkot city map with ward numbers after 2006. 
 
 
             
             Ward numbers effective during study period i.e. 2004             Ward numbers effective from 2006          ____ Boundary of new ward numbers i.e. 2006  
 
ZONE -I
  ZONE -III 
  ZONE -IV 
  ZONE -II 
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2.2 Water management and drainage system 
 
The RMC supplies potable water either through pipeline or community tap system but 
majority Rajkot face the shortage of water. So people store water through out the city 
either in cement tanks constructed at ground level, underground or over head. Usage of 
drums and other vessels with smaller capacity, like earthen water pots, tin and plastic 
vessels are also being used. It has been noticed that in majority cases the water storage 
devices remain uncovered. Waste water is drained either by underground sewage system 
or open canal which ultimately opens in to common drainage. RMC has completed about 
80% of the city (ward no. 1-20) area with underground gutter system. Sewage water 
ultimately reaches at sewage water treatment plant located near village Madhapar (Fig. 
2.1). Some of the area with open channels ultimately empty into Aji River or in to land 
depressions or in to the Nyari up stream area where sewage water is collected.  
 
Poor management of water drainage invites certain diseases. Malaria is one of the major 
diseases that hit Rajkot and therefore major economical burden to the society and 
Government. RMC runs hospitals and diagnostic centers for the treatment of various 
diseases including malaria. Private hospitals and trust run hospitals and private diagnostic 
centers are also playing their role. The government and NGOs (Non Government 
Organizations) run awareness campaigns regarding disease awareness. These 
programmes presented through media, hoardings, templates and door to door awareness 
programmes.  Malaria Department of Rajkot Municipal Corporation (RMC) also runs 
Primary Health Centers (PHC) where disease diagnosis and primary treatment. Free 
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medicines and treatments are also provided by government body. Malaria department 
uses chemical insecticides like pyrethrum, malathion and deltamethrin and larvicides like 
Baytex 1000 (Fenthion 82.5% EC) and Abate (Temephos 50% EC) in controlling adult 
and larval mosquitoes.  
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CHAPTER - III 
MOSQUITO BIONOMICS  
Mosquito species distribution and density is dependent upon several important 
environmental factors like atmospheric temperature, humidity and rainfall and human – 
created habitats like and availability of domestic-peridomestic breeding sites and resting 
places. This study is an effort to assess the impact of above mentioned factors on the 
mosquitoes in Rajkot city.       
 
3.1 Material and Methods 
3.1.1 Meteorological data   
Monthly average minimum and maximum temperature, relative humidity and total rain 
fall data were obtained daily.   
3.1.2 Site selection 
Larvae and adults of all mosquito species found within the study area were collected 
every month from 1st January 2004 to 27th December 2004. All types of domestic and 
peridomestic sites were ward wise surveyed for the presence or absence of larvae and 
adult mosquitoes. Sites where the larvae were found (positive sites) were further 
examined for determining larval density. Number of samples was fixed on the bases of 
the area size of a particular ward. Minimum two and maximum five collection sites were 
fixed every month with minimum distance of one kilometer between two sites. Adult 
mosquito density is measured in to man hour which is divisible in to 60 minutes each. At 
least two hours per month per ward were devoted as man hour for the said collection. 
During these two hours eight houses in a sequence in each ward could be surveyed. Thus 
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eight houses in a raw were surveyed in each ward per month for measuring adult density. 
All the methods and techniques for the present study were adopted from WHO manual 
describing methods and techniques (Anon., 1975). 
3.1.3 Classification of mosquito breeding sites 
(1) Pond: The water body more than approximately 25 X 10 m in size including dams 
used for water supply (Plate. 3.1). 
(2) River: Aji river where sewage water is disposed becomes highly contaminated and    
concentrated (Plate. 3.2).  
(3) Pool: Small body of standing water filled up by rain and approximately less than 25 X 
10 m2 (Plate. 3.3). 
(4) Ditch: A small depression of approximately 10 X 10 m2 size where sewage water is 
collected and rain water is also collected during monsoon season (Plate. 3.4). 
(5) Drainage: A canal carrying sewage water, linking residential as well as industrial 
areas with main sewage water disposal sites like dam and river. Types of open 
type of drainages include concrete pukka type (Plate. 3.5) and kuchcha type 
(Plate. 3.6) of open drainages and underground water drainages. 
(6) Domestic water collection vessels: This is for the storage of water for drinking and 
other domestic usage, which includes concrete tanks mainly constructed at ground 
(Plate. 3.8), over head (Plate. 3.9) and underground levels (Plate. 3.10), with 
different water storage capacity, drums made up of various materials (i.e. plastic, 
iron, cement) (Plate. 3.11, 3.12, 3.13) with varying storage capacity and small 
vessels made up of different materials (i.e. metal, plastic and earthen) (Plate. 
3.14). 
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3.1.4 Classification of domestic resting habitats of mosquitoes 
(1) Human dwelling: This is a habitat with human residing areas including pukka houses 
(Plate. 3.15), mud houses (Plate. 3.17), huts and working areas including areas for 
commercial and industrial purpose. 
(2) Mixed dwelling: This is a habitat of human residence either pukka houses or huts, 
with presence of domestic cattle and cattle sheds (Plate. 3.18). 
 
3.1.5 Larval and adult mosquito collection 
Larvae were collected by using a beaker of 250 ml capacity as a dipper. Collected larvae 
were stored in collection tubes with air tight cover. Collected larvae were than brought to 
the laboratory for identification and rearing. Larvae were reared in small plastic jars 
covered with cotton cloth and fed upon yeast and biscuit powder mixture (Das et al., 
2003; Helge et al., 2002.; Joseph et al., 2004; Khamre and Kaliwal, 1988; Marrippan et 
al., 1992; Rajni et al., 1996; Yadav et al., 1989). 
 
Adults were collected from houses by standard hand collection method, using test tube 
and aspirator. Female mosquitoes of all available species were collected and adults were 
stored in a test tube covered with cotton plug and were brought to the laboratory for 
morphological identification (Das et al., 2003; Hans et al., 2003; Jagdish and Jagbir, 
2003; Joshi et al., 2005; Pemola and Jauhari, 2004; Pemola and Jauhari, 2006; Yadav et 
al., 1989). 
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Collected data were utilized to calculate larval density and adult density of each mosquito 
species separately. Standard error was than calculated. Average monthly and ward wise 
larval and adult densities were calculated with average standard deviations. Annual 
average of total number of each adult mosquito species, collected from different resting 
habitat i.e. human dwelling and mixed dwellings were tested for the significance of 
relationship between mosquito species and resting habitat by applying chi-square (χ2) 
test. Table value of χ2 at 5% level for one degree of freedom is 3.84, which was 
commonly taken for interpretation of result. If the calculated value of χ2 is greater than 
the table value, the hypothesis is rejected, which reflects the significance. If the 
calculated value of χ2 is zero, the observed values and expected values completely 
coincide and if the calculated value of χ2 is less than table value, it is said to be non-
significant. This implies that the difference between the observed and expected 
frequencies may be due to fluctuations in sampling or by chance. Values were calculated 
as per formula given below. 
χ2 = ∑ [(O-E) 2 / E] 
O = Observed frequencies  
E = Expected frequencies 
• Larval density (LD) was calculated as per formula given below: 
LD = Total number of larvae / Total number of dips 
• Adult density was calculated as Man per Hour Density (MHD) by formula given 
below: 
MHD = Total number of mosquito collected / Total time spent for     
collection 
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3.1.6 Larval and adult mosquito identification 
• Larval Identification: Collected larvae were morphologically identified up to genus 
as per standard literature as follows, 
Anopheles (Das et al., 1990; Puri, 1957; Roy and Brown, 1971). 
Culex        (Roy and Brown, 1971). 
Aedes         (Roy and Brown, 1971). 
Armigers    (Roy and Brown, 1971).  
 
• Adult Identification: Adult mosquitoes were identified as genus and species as per 
standard literature as follows,  
      Anopheles (Das et al., 1990; Puri, 1957; Rao, 1981; Roy and Brown, 1971; Wattal and 
Kalra, 1961). 
Culex        (Huang and Ronald, 1981; Roy and Brown, 1971; Reuben et al., 1994). 
Aedes         (Huang, 2001; Roy and Brown, 1971; Rhoida et al., 2004; Rueda, 2004). 
Armigers    (Reuben et al., 1994; Roy and Brown, 1971). 
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3.1.7 Classification and morphological characters for identification of mosquitoes 
1. Order – Diptera: Hind wing is modified in to club-shaped organs called haltere, 
metamorphosis is complete (Fig. 3.1). 
1A. Suborder – Nematocera: Antenna long, filamentous and compressed of a large 
number of segments which are more or less similar in appearance, maxillary palps are 
elongated and flexible and are commonly composed of 4 to 5 segments (Fig. 3.1). 
2. Family – Culicidae: Second longitudinal vein forked only once (Fig. 3.5), body and 
wings may or may not be covered with scales (Fig. 3.1).  
2a. Sub-family – Culicinae: Long and slender proboscis, mouth parts of many species 
adopted for piercing and for sucking (Fig. 3.1). 
3. Tribe – Anophelini: The palps are as long as the proboscis in both male and female, 
abdomen never uniformly invested by broad overlapping scales (Fig. 3.1). 
3a. Genus – Anopheles Meigen. : Wing dark scaled or readily with more than two pale 
spots on costa (Fig. 3.1). 
4. Tribe – Culicini: Free edge of scutellum distinctly trilobed, meso postonotum without 
bristles, palpi short in the female (Fig. 3.2). 
4a. Genus – Culex Linn. : Spiracular and post spiracular setae absent (Fig. 3.4). 
4b. Genus – Aedes Meig. : Proboscis fairly slender, body including thorax conspicuously 
ornamented with silvery – white scales, tarsi usually have white bands (Fig. 3.13). 
4c. Genus – Armigeres Theob. (Subgenus – Armigeres Theob.): Proboscis rather stout 
and distinctly flattened laterally and curved downwards at the tip, silvery – white 
ornamentation of thorax not very conspicuous, pale scale border round the margin of the 
mesonotum (Fig. 3.15). 
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Figure. 3.1 
Morphological features for the adult Anopheles female mosquito identification. 
 
A - Antenna, Fe - Femur, FL – Fore Limb, HL – Hind Limb, ML – Mid Limb, MP – Maxillary Palp, P - 
Proboscis, Ta – Tarsomeres (1-5), Ti - Tibia, W – Wing; Wing: C - Costa, F – Fringe, Sc - Subcosta, V – 
Vein (1-6) 
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Figure. 3.2 
Morphological features for the adult Culex and Aedes female mosquito identification. 
 
A - Antenna, AS - Abdominal Spiracle, C – Cercus, E – Eye, Fe – Femur, 1stFS – 1st  
Flagellar Segment, Ha – Haltere, La – Labellum, Me – Mesopimeron, MP – Maxillary Palp, MPn – Meso 
Postnotum, MS – Metathoracic Spiracle, Ms – Mesosternum, P - Proboscis PL – Postgenital Lobe, Pn – 
Postnotum, Pr – Pronotum, S – Scutum, Sc – Scutellum, St – Sternite, T – Tergite, Ta – Tarsus, Ti – Tibia,  
V – Vertex, W – Wing 
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Figure. 3.3 
APL – Anterior Pronotal Lobe, AS – Aerostichal Setae, DCS – Dorso Central Setae, Mesp - 
Mesopostnotum, Metp - Metapostnotum, PsS – Prescutellur Space, S – Scutum, Sc - Scutellum, SS – 
Supraolar Setae 
Figure. 3.4 
APS – Anterior Pronotal Setae, Ha - Haltere, LMS – Lower Mesopimeral Setae, PplS – Propleural Setae, 
POS – Pre Olar Setae, PPS – Post Pronotal Setae, PSS – Post Spiracular Setae, SS – Spiracular Setae, SplS 
– Sternopleural Setae, UMS – Upper Mesopimeral Setae 
Figure. 3.5 
A - Alula, C - Costa, F - Fringe, NCV – Numeral Cross Vein (1 to 6), Re – Remigium (Stem vein), Sc – 
Sub costa, Sq - Squarna  
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Morphological features for identification of mosquito species found in study area 
 
 
 
 
Figure. 3.6 Anopheles stephensi 
 
Wing: C – Costa, Sc – Subcosta, F – Fringe, V – Vein; Head: MP – Maxillary Palp, P – Proboscis, A – 
Antenna; Hind limb: Fe – Femur, Ti – Tibia, Ta- Tarsus (1-5) 
 
• four dark patches on costa and sub costa of wing 
• Maxillary palps speckled and apical and sub apical white bands are equal  
• Hind limb speckled 
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Figure. 3.7 Anopheles subpictus 
 
Wing: C – Costa, Sc – Subcosta, F – Fringe, V – Vein; Head: MP – Maxillary Palp, P – Proboscis, A – 
Antenna 
 
• Wing with costa spotted black and white 
• Palpi with apical pale band as wide as pre-apical dark band 
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Figure. 3.8 Anopheles culicifacies 
 
Wing: C – Costa, Sc – Subcosta, F – Fringe, V – Vein; Head: MP – Maxillary Palp, P – Proboscis, A – 
Antenna 
 
• Wing with pale fringe spots only at apex of veins 4.2 or 5.1 or both 
• On the wing nearly the whole of the third vein is dark, basal dark area on costa 
interrupted by a white spot 
• Three pale bands on maxillary palp 
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Figure. 3.9 Culex quinquefasciatus 
 
Head: MP – Maxillary Palp, P – Proboscis, A – Antenna 
 
• Proboscis without pale band 
• Postspiracular area without pale scale patch 
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Figure. 3.10 
Head: MP – Maxillary Palp, P – Proboscis, A – Antenna; HF – Hind Femur 
 
Culex tritaeniorhynchus (A, B) 
• Proboscis with the presence of pale band (median pale ring) and accessory pale 
patches or stripe  
• Speckling of pale scales of femora not contrasting sharply with dark scaled area 
 
Culex vishnui (C) 
• Hind limb femur pale with distinct narrow dark ring near knee joint 
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Figure. 3.11 Aedes aegypti 
 
FF – Fore Femur, MF – Mid Femur, HF – Hind Femur, FT – Fore Tibiae, MT – Mid Tibiae, HT – Hind 
Tibiae, Ta – Tarsus 
 
• Lyre-shaped white markings present on scutum of thorax 
• White knee spot present on all femora of fore, mid and hind limb 
• Mid femur with a narrow white longitudinal stripe on ventral half of anterior surface 
• Tibiae of fore, mid and hind limb anteriorly dark, without any white band 
• Hind tarsus with a basal white band on Tarsomeres (1-4) 
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Figure. 3.12 Aedes vittatus  
 
FT – Fore Tibiae, MT – Mid Tibiae, HT – Hind Tibiae, Ta – Tarsus 
 
• Scutum with 3 pairs of distinct, small and white spots of narrow scales present  
• Tibiae of fore, mid and hind limb dark, each with a sub basal white spot and a 
white band present 
• Tarsomeres (1-4) of hind limb with a presence of white band  
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Figure. 3.13 Armigeres obturbans 
 
Head: MP – Maxillary Palp, P – Proboscis, A – Antenna; Ab - Abdomen 
 
• Proboscis is stout and curved downwards and flattened laterally 
• Silvery white patches or spots on the lateral side of abdominal tergites 
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3.2 Results 
 
3.2.1 Mosquito breeding places 
Nine species of mosquitoes of four different genera viz. An. stephensi, An. subpictus, An. 
culicifacies, Cx. quinquefasciatus, Cx. tritaeniorhynchus, Cx. vishnui, Ae. aegypti, Ae. 
vittatus and Ar. obturbans were found breeding in variety of domestic and peridomestic 
sites of Rajkot city (Table. 3.1).  
 
Anopheles stephensi  
It was found breeding through out the year. Its larvae were collected from all types of 
domestic water storage vessels (Table. 3.1). 55% larvae were collected from concrete 
tanks at ground level under staircase, 20% from barrels, followed by overhead tanks 
(10%), small vessels (8%) and least observed in underground tanks (7%).   
 
Anopheles subpictus 
This species was found breeding round the year. Larvae of An. subpictus (Table. 3.1) 
were collected from domestic breeding sites as well as peridomestic sites. Maximum 
(40%) larvae of An. subpictus were collected from pools, followed by ditches (30%), 
pond (17%) and river (8%). Presence of larvae in domestic sites was not as much as 
peridomestic sites. As maximum (3%) larvae were found from overhead tanks, one 
percent from ground level concrete tank and small vessels. No larvae of An. subpictus 
were found in drainages. 
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Anopheles culicifacies 
The breeding places of An. culicifacies in Rajkot city are ponds, river, ditches, pools, 
concrete tanks and drums (Table. 3.1). Maximum (56%) larvae of An. culicifacies were 
collected from ponds, followed by pools (17%), ditches (10%) and river area (9%) in 
Rajkot city. Maximum (4%) larvae of this species were collected from overhead tanks, 
followed by concrete ground level tanks (3%) and 1 percent from barrels. No larvae of 
this species were recorded from small vessels.  
 
Culex quinquefasciatus 
In Rajkot city, Cx. quinquefasciatus (Table. 3.1) was found breeding chiefly in 
peridomestic sites like ponds, river, pools and ditches. It was also found breeding in 
domestic sites. It was observed that this mosquito species is mainly fresh water breeder 
having ample amount of vegetation. Maximum (48%) larvae of Cx. quinquefasciatus 
were collected from ditches, followed by ponds (27%), pools (13%) and river (9%). 
Among domestic sites maximum (2%) larvae of Cx. quinquefasciatus were recorded from 
overhead tanks and one percent from ground level concrete tank. However, it did not 
recorded from such places where drainage got mixed with river water. 
 
Culex tritaeniorhynchus 
Larvae of Cx. tritaeniorhynchus (Table. 3.1) were collected from drainages, ditches and 
ponds filled with sewage water. It was observed that this species only breed in said 
habitat as no larvae were found from domestic sites as well as peridomestic sites like 
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ponds filled with fresh water. Maximum (60%) larvae of Cx. tritaeniorhynchus were 
collected from drainages, followed by ditches (20%), river (15%) and pools (5%).  
 
Culex vishnui 
Larvae of Cx. vishnui, in Rajkot city, (Table. 3.1) found occurring in sewage water of 
drainages, river and ditches. Maximum larvae of this species were found from drainages 
(57%) followed by Ditches (24%), River (12%) and pools (7%). No larvae of this species 
were recorded from ponds and domestic breeding sites. 
 
Aedes aegypti 
The favored breeding places of Ae. aegypti (Table. 3.1) in Rajkot city are small vessels, 
barrels and tanks. It was recorded that this species was found breeding dominantly in 
fresh rain water filled in small vessels. As maximum (68%) larvae of Ae. aegypti were 
found from such vessels. Larvae of Ae. aegypti were also collected from ground level 
concrete tanks (16%), barrels (10%) and overhead tanks (6%). No larvae of this species 
were found from underground tanks as well as peridomestic sites. 
 
Aedes vittatus 
Breeding of Ae. vittatus was recorded (Table. 3.1) from water tanks, barrels and small 
vessels. This species was recorded breeding predominantly in small vessels as maximum 
larvae (57%) were collected from said habitat.  Followed by barrels of different materials 
(23%), concrete ground level tanks (12%) and minimum numbers of larvae were 
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collected from overhead tanks (8%). No larvae of this species were recorded from 
underground tanks as well as peridomestic sites.  
 
Armigeres obturbans 
It was recorded as a peridomestic breeder (Table. 3.1), found breeding in highly 
concentrated organic water of sewage mixed with organic waste materials of human and 
other animals filled in ditches and drainages. In addition to that because of solid waste 
materials are being thrown in drainages water flow is not maintained, which works as an 
ideal for breeding place for Ar. obturbans. Maximum (70%) larvae were recorded from 
such drainages, followed by ditches (25%) and river (5%). Larvae of this species were 
not recorded from Ponds, pools and domestic water collection vessels filled with fresh 
water.       
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3.2.2 Adult mosquito resting places 
Nine mosquito species viz. An. stephensi, An. subpictus, An. culicifacies, Cx. 
quinquefasciatus, Cx. tritaeniorhynchus, Cx. vishnui, Ae. aegypti, Ae. vittatus and Ar. 
obturbans were recorded from all visited places like pukka houses, mud houses and huts 
with or without presence of domestic cattle and cattle sheds. It was observed during 
domestic mosquito collection that majority of adults were found resting at places like 
walls, bathrooms, near water tanks, ceilings made up of mud plates of particular structure 
(Roofing tiles, locally called as ‘Nalia’) and other kachcha materials, hanging objects, 
near drinking water storage (locally called as ‘panihara’) and cattle sheds. A null 
hypothesis was set to evaluate the choices for resting habitat that all the mosquito species 
are equally distributed between human dwellings and mixed dwelling of concrete, mud 
and hut type.      
 
Anopheles stephensi  
During adult collection of this species (Table. 3.2) it was recorded that among mixed 
dwellings maximum adults of An. stephensi were captured from mud houses with 
domestic cattle and cattle sheds (29%), followed by huts (16%) and concrete houses 
(11%). Among human dwellings huts were recorded as first choice (22%) than after mud 
houses (14%) and concrete houses (8%). Chi-square test (Table. 3.3) for the distribution 
of An. stephensi between concrete houses (with or without cattle sheds) was non-
significant (χ2 =1.28), where as significant for mud houses (with or without cattle sheds) 
(χ2=14.28) and non significant (χ2=1.13) for huts (with or without cattle sheds).   
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Anopheles subpictus 
It was collected (Table. 3.2) in higher numbers (34%) from mud houses among mixed 
dwellings, in comparison to huts (22%) and concrete houses (8%). Among human 
dwellings maximum An. subpictus adults were collected from huts (18%) followed by 
mud houses (15%) and concrete houses (3%). Chi-square test (Table. 3.3) for the 
distribution of An. subpictus between concrete houses (with or without cattle sheds) was 
significant (χ2 =4.16), where as significant for mud houses (with or without cattle sheds) 
(χ2=15.70) and non-significant (χ2=0.92) for huts (with or without cattle sheds).   
 
Anopheles culicifacies 
Adults of this species were collected in more numbers from mixed dwellings than human 
dwellings (Table. 3.2). Among mixed dwellings maximum An. culicifacies were collected 
from mud houses (45%) than after huts (29%) and concrete houses (10%). Among human 
dwellings maximum (8%) adults of this species were collected from huts, than after mud 
houses (7%) and concrete houses (1%). Chi-square test (Table. 3.3) for the distribution of 
An. culicifacies between concrete houses (with or without cattle sheds) was significant (χ2 
=9.00), where as significant for mud houses (with or without cattle sheds) (χ2=37.40) and 
non-significant (χ2=16.48) for huts (with or without cattle sheds).   
 
Culex quinquefasciatus 
Adults of this species (Table. 3.2) were recorded more from concrete houses (22%) than 
mud houses (16%) and huts (12%) among mixed dwellings, where as among human 
dwellings maximum adults were collected from mud houses (18%) followed by huts 
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(17%) and concrete houses (15%). Chi-square test (Table. 3.3) for the distribution of Cx. 
quinquefasciatus between concrete houses (with or without cattle sheds) was significant 
(χ2 =5.48), where as non-significant for mud houses (with or without cattle sheds) 
(χ2=0.44) and non-significant (χ2=3.70) for huts (with or without cattle sheds).       
 
Culex tritaeniorhynchus 
Adults of this species (Table. 3.2), among mixed dwellings, recorded highest in mud 
houses (19%) than huts (18%) and concrete houses (15%). Among human dwellings 
highest number of Cx. tritaeniorhynchus adults was recorded from huts (20%), followed 
by mud houses (15%) and concrete houses (13%). Chi-square test (Table. 3.3) for the 
distribution of Cx. tritaeniorhynchus between concrete houses (with or without cattle 
sheds) was non-significant (χ2 =0.24), where as non-significant for mud houses (with or 
without cattle sheds) (χ2=1.08) and non-significant (χ2=0.28) for huts (with or without 
cattle sheds). 
 
Culex vishnui 
Adults of this species (Table. 3.2) were recorded maximum from mud houses without 
domestic cattle and cattle sheds (22%), than after huts (21%) and concrete houses (14%). 
Among mixed dwellings maximum Cx. vishnui were collected from concrete houses 
(16%) followed by mud houses (15%) and huts (13%). Chi-square test (Table. 3.3) for 
the distribution of Cx. vishnui between concrete houses (with or without cattle sheds) was 
non-significant (χ2 =0.26), where as non-significant for mud houses (with or without 
 42
cattle sheds) (χ2=2.64) and non-significant (χ2=3.76) for huts (with or without cattle 
sheds). 
 
Aedes aegypti 
Adults of this species (Table. 3.2) were recorded more from human dwellings in 
comparison to mixed dwellings. It was observed during collection that maximum Ae. 
aegypti adults were collected from hanging objects like clothes, curtains and other 
decorative materials. Maximum (28%) Ae. aegypti adults were recorded from huts 
followed by mud houses (23%) and concrete houses (17%), where as among mixed 
dwellings highest number of Ae. aegypti adults were recorded from huts (12%), than after 
concrete houses (11%) and mud houses (9%). Chi-square test (Table. 3.3) for the 
distribution of Ae. aegypti between concrete houses (with or without cattle sheds) was 
significant (χ2 =6.00), where as significant for mud houses (with or without cattle sheds) 
(χ2=9.68) and significant (χ2=9.92) for huts (with or without cattle sheds). 
 
Aedes vittatus 
Adults of this species (Table. 3.2) were recorded more from human dwellings in which 
maximum number Ae. vittatus adults were recorded from mud houses (25%) than after 
huts (23%) and concrete houses (19%). Among mixed dwelling highest number of adults 
of this species were recorded from huts (15%) followed by mud houses (12%) and 
concrete houses (6%). Chi-square test (Table. 3.3) for the distribution of Ae. vittatus 
between concrete houses (with or without cattle sheds) was significant (χ2 =8.74), where 
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as significant for mud houses (with or without cattle sheds) (χ2=5.88) and significant 
(χ2=2.36) for huts (with or without cattle sheds). 
 
Armigeres obturbans 
Adult Ar. obturbans were found almost equally distributed among all kind of dwellings 
with very minor variations (Table. 3.2). It was observed during collection of this species 
that maximum numbers of Ar. obturbans adults were found resting in bathrooms, near 
drinking water storages and below water storage tank’s covers. Among human dwellings 
maximum number of this species were collected from mud houses (19%) followed by 
huts (17%) and concrete houses (14%) where as among mixed dwellings Ar. obturbans 
adults were recorded maximum from huts (19%) than after concrete houses (16%) and 
mud houses (15%). Chi-square test (Table. 3.3) for the distribution of Ar. obturbans 
between concrete houses (with or without cattle sheds) was non-significant (χ2 =0.38), 
where as non-significant for mud houses (with or without cattle sheds) (χ2=1.56) and non-
significant (χ2=0.30) for huts (with or without cattle sheds). 
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3.2.3 Mosquito Larval Density (LD) 
 
Anopheles stephensi  
A peak in average larval density of An. stephensi was recorded (Table. 3.4, Fig. 3.14) 
during September (8.44+0.16). A gradual decline in average larval density was recorded 
during October (7.91+0.53) till December (6.05+0.38). Lowest average larval density 
was recorded during March (4.23+0.64). An increase in average larval density was 
recorded till August (5.52+0.47) with noticeable increase during May (5.13 + 0.38). 
Considering ward wise average larval density (Table. 3.5, Fig. 3.23) , highest average 
larval density was recorded in ward no. 20 (6.50+1.13) and lowest average larval density 
was recorded in ward no. 11 (1.75+0.43). Annual average of larval density of An. 
stephensi was 3.0 per litre (Fig. 3.50).  
 
Anopheles subpictus 
A pick with sudden rise in average larval density of An. subpictus was recorded (Table. 
3.4, Fig. 3.15) during September (5.01+1.16). Average larval density markedly decreased 
during November (3.55+0.44) with increase during December (3.80+0.42). Lowest 
average larval density was recorded during August (1.41+0.36) with a gradual decline 
from January (4.05+0.10) and an increase during June (2.16+0.48). Ward no. 20 (Table. 
3.5, Fig. 3.24) recorded highest average larval density (3.37+0.01), where as lowest 
average larval density was recorded in ward no. 11 (0.92+0.02) among all the wards. 
Annual average of larval density of An. subpictus was 1.6 per litre (Fig. 3.50) 
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Anopheles culicifacies 
Average larval density of An. culicifacies (Table. 3.4, Fig. 3.16) recorded its peak during 
September (2.83+0.42). A decrease in average larval density was recorded from October 
(2.71+0.25) till December (1.66+0.42). Average larval density was recorded lowest 
during August (0.32+0.01) with a noticeable increase in average larval density during 
March (1.11+0.12) and July (1.15+0.37). Considering ward wise larval density of An. 
culicifacies (Table. 3.5, Fig. 3.25), highest average larval density was recorded in ward 
number 20 (2.83+0.46) and lowest average larval density was recorded in ward number 
10 (0.02+0.004). Annual average of larval density of An. culicifacies was 0.7 per litre 
(Fig. 3.50). 
 
Culex quinquefasciatus 
Average larval density of Cx. quinquefasciatus (Table. 3.4, Fig. 3.17) recorded gradual 
increase during September (25.64+3.50) and reached to highest during October 
(37.82+5.57). There was a gradual decrease in average larval density of this species till 
December (34.52+4.26). With a uniform decline from February (28.16+4.29) average 
larval density reached to lowest during August (9.27+2.64). Average ward wise larval 
density of Cx. quinquefasciatus (Table. 3.5, Fig. 3.26) was highest in ward number 19 
(57.35+5.46) and lowest in ward number 11 (12.16+2.05). Annual average of larval 
density of Cx. quinquefasciatus was 21.6 per litre (Fig. 3.50). 
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Culex tritaeniorhynchus 
This species recorded marked increase in average larval density during September 
(17.14+3.74) (Table. 3.4, Fig. 3.18) and reached to highest during October (29.42+4.33). 
A gradual decline in average larval density of Cx. tritaeniorhynchus was recorded from 
January (26.43+2.54) till it reached lowest during August (5.54+1.10) with a slight 
increase during July (8.16+2.06). Ward number 22 (Table. 3.5, Fig. 3.27) recorded 
highest average larval density (28.92+5.15) and ward number 11 recorded lowest average 
larval density (13.83+4.74) of Cx. tritaeniorhynchus. Annual average of larval density of 
Cx. tritaeniorhynchus was 17.2 per litre (Fig. 3.50). 
 
Culex vishnui 
A sudden increase in average larval density of Cx. vishnui (Table. 3.4, Fig. 3.19) was 
recorded during September (8.82+2.94) and reached to its peak during October 
(10.35+2.66). Average larval density of this species recorded decline from February 
(8.86+1.56) until it reached to lowest during August (3.05+1.65) with an increase during 
May (6.06+1.27). Considering ward wise average larval density of Cx. vishnui (Table. 
3.5, Fig. 3.28), highest average larval density was recorded in ward number 22 
(11.58+3.72) and lowest average larval density was recorded in ward number 23 
(8.12+2.50). Annual average of larval density of Cx. vishnui was 7.2 per litre (Fig. 3.50).     
 
Aedes aegypti 
Average larval density of this species (Table. 3.4, Fig. 3.20) markedly increased after 
August (2.22+0.64) and reached to its peak during September (6.94+1.38). A remarkable 
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decline in average larval density of Ae. aegypti was recorded from October (5.71+0.24) 
up to December (2.83+0.73). Lowest average larval density of this species was recorded 
during April (1.13+0.08) with a decline from February (2.62+0.24). Increase in average 
larval density of Ae. aegypti was recorded from May (1.91+0.11) till July (3.94+0.93). 
Ward wise average larval density (Table. 3.5, Fig. 3.29) of Ae. aegypti was recorded 
highest in ward number 6 (2.67+0.50), where as lowest in ward number 9 (1.00+0.03). 
Annual average of larval density of Ae. aegypti was 1.6 per litre (Fig. 3.50). 
 
Aedes vittatus 
This species recorded a peak in average larval density during September (2.92+0.50) with 
a sudden increase (Table. 3.4, Fig. 3.21). A gradual decline in average larval density of 
Ae. vittatus was recorded from October (2.14+0.81) till December (1.46+0.24). Lowest 
average larval density of this species was recorded during March (0.44+0.03) after 
decline from January (0.94+0.05). Uniform increase in average larval density of Ae. 
vittatus was recorded from April (0.62+0.06) till July (1.61+0.37). Considering ward 
wise average larval density of Ae. vittatus (Table. 3.5, Fig. 3.30), highest average larval 
density of this species was recorded in ward number 6 (1.12+0.06) and lowest average 
larval density was recorded in ward number 11 (0.37+0.001). Annual average of larval 
density of this species was 0.7 per litre (Fig. 3.50). 
 
Armigeres obturbans 
Average larval density of Ar. obturbans (Table. 3.4, Fig. 3.22) uniformly increased from 
September (10.78+2.86) and achieved its peak during November (28.84+4.61). A 
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decrease in average larval density of this species was recorded from January (28.63+2.52) 
to April (6.21+1.53). With a slight increase during May (7.85+2.61) average larval 
density of Ar. obturbans decreased to lowest during August (5.12+0.18). Ward wise 
average larval density of Ar. obturbans (Table. 3.5, Fig. 3.31) was recorded highest in 
ward number 20 (28.50+4.25) and lowest in ward number 11 (10.94+1.81). Annual 
average of larval density of this species was 15.7 per litre (Fig. 3.50). 
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3.2.4 Adult mosquito density (Man per Hour Density-MHD) 
 
Anopheles stephensi  
Average adult density (Table. 3.6, Fig. 3.32) of An. stephensi recorded increase during 
May (4.20+0.82) and reached to its peak during September (13.35+5.41). Average adult 
density of this species recorded decline from October (9.39+3.24) till November 
(7.43+1.58). Uniform decrease in average adult density of An. stephensi was recorded 
from February (6.04+1.23) and reached to lowest during April (3.02+0.74). Considering 
ward wise average adult density of An. stephensi (Table. 3.7, Fig. 3.41), highest average 
adult density was recorded in ward number 20 (13.21+3.61) where as lowest average 
adult density was recorded in ward number 11 (2.25+0.48). Annual average of adult 
density of An. stephensi was 6.8 per hour (Fig. 3.51). 
 
Anopheles subpictus 
It recorded highest average adult density (Table. 3.6, Fig. 3.33) during September 
(11.35+3.51) with sudden increase from August (4.91+0.72). Average adult density of 
An. subpictus recorded decline from October (8.26+1.36) till December (4.00+0.52). 
Average adult density of this species uniformly decreased from January (4.52+0.54) until 
it reached to lowest during April (1.70+0.43). From May (2.52+0.82) average adult 
density was increased till July (5.83+0.58). Considering ward wise average adult density 
(Table. 3.7, Fig. 3.42) of An. subpictus, highest average adult density was recorded in 
ward number 20 (3.00+0.34) and lowest average adult density of An. subpictus was 
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recorded from ward number 11 (0.29+0.03). Annual average of adult density of An. 
subpictus was 4.9 per hour (Fig. 3.51). 
 
Anopheles culicifacies 
Average adult density of An. culicifacies (Table. 3.6, Fig. 3.34) was suddenly raised and 
reached to its peak during September (4.02+0.68). From October (2.85+0.14) average 
adult density of this species was gradually decreased till December (1.00+0.06). With a 
uniform decrease from January (1.17+0.03) average adult density of this species was 
recorded lowest during April (0.33+0.01). Than after average adult density increased till 
July (1.59+0.28) with a decline during August (0.91+0.06). Considering ward wise adult 
density of An. culicifacies (Table. 3.7, Fig. 3.43), ward number 20 recorded highest 
average adult density (0.55+0.02) where as ward number 11 recorded lowest average 
adult density (0.09+0.01) of this species. Annual average of adult density of An. 
culicifacies was 1.4 per hour (Fig. 3.51). 
 
Culex quinquefasciatus 
A uniform increase in average adult density of Cx. quinquefasciatus (Table. 3.6, Fig. 
3.35) was recorded from May (7.33+1.51) till reached to its peak during September 
(25.00+4.25). Gradual decline in adult density of this species was recorded from October 
(22.50+3.14) till December (13.50+3.58). A uniform decline in average adult density of 
Cx. quinquefasciatus was recorded from January (8.22+1.63) until it reached to lowest 
during April (5.41+0.27). Ward wise average adult density of Cx. quinquefasciatus 
(Table. 3.7, Fig. 3.44) was highest in ward number 20 (15.75+4.15) and lowest in ward 
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number 11 (10.46+2.23). Annual average of adult density of Cx. quinquefasciatus was 
13.0 per hour (Fig. 3.51).   
 
Culex tritaeniorhynchus 
This species recorded increase in average adult density (Table. 3.6, Fig. 3.36) from 
August (3.37+0.62) and reached to peak during October (9.37+2.41). Gradual decline in 
average adult density of Cx. tritaeniorhynchus was recorded from November (7.87+0.26) 
till December (6.87+1.75). A uniform decline in average adult density of this species was 
recorded from January (5.37+0.52) reached to lowest during April (1.37+0.06). Average 
adult density was increased during May (2.37+0.58) till July (5.87+0.58). Ward wise 
average adult density of Cx. tritaeniorhynchus (Table. 3.7, Fig. 3.45), was highest in 
ward number 18 (7.25+1.57), where as lowest in ward number 8 (3.54+0.35). Annual 
average of adult density of this species was 5.1 per hour (Fig. 3.51).  
 
Culex vishnui 
Average adult density of Cx. vishnui (Table. 3.6, Fig. 3.37) recorded considerable 
increase during September (6.83+1.14) and reached to its peak during October 
(7.83+1.62). Average adult density of this species uniformly decreased till December 
(5.33+1.10). Lowest average adult density of Cx. vishnui was recorded during April 
(1.33+0.08) with a uniform decline from January (4.33+0.27). During May (1.83+0.05) 
average adult density of Cx. vishnui again increased till July (4.33+0.51) and noticeably 
decreased during August (1.83+0.24). Ward wise average adult density of this species 
(Table. 3.7, Fig. 3.46) was recorded highest in ward number 18 (5.75+0.46), where as 
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lowest in ward number 8 (2.29+0.41). Annual average of adult density of this species was 
4.1 per hour (Fig. 3.51). 
Aedes aegypti 
Average adult density of this species (Table. 3.6, Fig. 3.38) increased from May 
(2.24+0.65) and with a slight decline during August (3.39+0.28) it reached to peak during 
October (5.93+0.65). A decline in average adult density of this species was recorded till 
December (1.46+0.05). Average adult density of Ae. aegypti reached to lowest during 
April (0.04+0.002) with uniform decline from January (0.26+0.001). Ward wise average 
adult density of Ae. aegypti (Table. 3.7, Fig. 3.47) was highest in ward number 19 
(4.92+0.52) and lowest in ward number 11 (1.08+0.05). Annual average of adult density 
of Ae. aegypti 2.4 per hour (Fig. 3.51).  
 
Aedes vittatus 
It recorded sudden increase (Table. 3.6, Fig. 3.39) in average adult density during 
September (3.39+0.38) and reached to its peak during October (4.02+0.61). Decrease in 
average adult density of Ae. vittatus was recorded till December (0.87+0.05). Lowest 
average adult density of this species was recorded during April (0.01+0.001) after gradual 
decline from January (0.11+0.002). During May (1.11+0.14) average adult density of Ae. 
vittatus recorded increase till July (2.35+0.75) with a decline during August (1.26+0.09). 
Ward wise average adult density of Ae. vittatus (Table. 3.7, Fig. 3.48) was highest in 
ward number 19 (3.92+0.85) and lowest in ward number 10 (0.38+0.04). Annual average 
of adult density of this species was 1.4 per hour (Fig. 3.51). 
Armigeres obturbans 
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Average adult density of Ar. obturbans (Table. 3.6, Fig. 3.40) drastically increased after 
September (8.54+2.36) and reached to its peak during October (24.70+3.54). From 
November (21.61+3.25) gradual decline was recorded in average adult density of this  
species till December (15.74+3.36). Lowest average adult density of Ar. obturbans was 
recorded during April (2.43+0.36) with gradual decline from January (6.76+1.53). 
Average adult density of this species was increased during May (3.11+0.57) till July 
(6.54+1.25) with a decline during August (5.54+1.41). Ward wise average adult density 
of Ar. obturbans (Table. 3.7, Fig. 3.49) was highest in ward number 18 (10.58+2.28) and 
lowest in ward number 10 (7.21+1.36). Annual average of adult density of this species 
was 9.0 per hour (Fig. 3.51). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 54
3.2.5 Seasonal effect on mosquitoes 
Month wise average adult density (Man per Hour Density-MHD) of An. stephensi, An. 
subpictus, An. culicifacies, Cx. quinquefasciatus, Cx. tritaeniorhynchus, Cx. vishnui, Ae. 
aegypti, Ae. vittatus and Ar. obturbans was compared with climatic factors like monthly 
total rain fall, monthly average temperature and monthly average relative humidity for 
the estimation of its impact on adult mosquitoes. The results reflected that rainfall is the 
major environmental factor which effects adult mosquito density which also overcomes 
the effect of temperature and relative humidity was also found dependent upon the 
availability of rainfall.   
 
Average adult density of Anopheles species viz. An. stephensi, An. subpictus and An. 
culicifacies (Fig. 3.52) was highest (13.35+5.41, 11.35+3.51 and 4.02+0.68) during 
September. Monthly total rainfall during this month was comparatively low (1.97cm), 
average temperature was comparatively moderate (29.250C) and average relative 
humidity was comparatively high (72.65%). Average adult density of An. stephensi, An. 
subpictus and An. culicifacies was recorded lowest during April (3.02+0.74, 1.70+0.43 
and 0.33+0.01). During this month total rainfall was nil (0.00cm), average temperature 
was highest (31.950C) and average relative humidity was 46.33 percent. Average adult 
density of An. subpictus and An. culicifacies recorded decline (4.91+0.72 and 0.91+0.06) 
during August. Total rainfall during this month was highest (31.04cm), average 
temperature was 27.000Centigrade and average relative humidity was highest (87.42%).  
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Average adult density (Fig. 3.53) of Cx. quinquefasciatus was recorded highest 
(25.00+4.25) during September. During this month total rainfall was comparatively low 
(1.97cm), average temperature was comparatively moderate (29.250C) and average 
relative humidity was comparatively high (72.65%). Cx. tritaeniorhynchus and Cx. 
vishnui adults recorded highest average density during October (9.37+2.41 and 
7.83+1.62). During this month total rainfall was comparatively low (2.35cm), average 
temperature was 27.900Centigrade and average relative humidity was 51.79 percent. 
Average adult density of Cx. quinquefasciatus, Cx. tritaeniorhynchus and Cx. vishnui was 
recorded lowest during April (5.41+0.27, 1.37+0.06 and 1.33+0.08). During this month 
total rainfall was nil (0.00cm), average temperature was highest (31.950C) and average 
relative humidity was 46.33 percent. Average adult density of Cx. tritaeniorhynchus and 
Cx. vishnui recorded decline during August (3.37+0.62 and 1.83+0.24). Total rainfall 
during this month was highest (31.04cm), average temperature was 27.000Centigrade and 
average relative humidity was highest (87.42%).  
 
Average adult density of Ae. aegypti and Ae. vittatus (Fig. 3.54) was recorded highest 
during October (5.93+0.65 and 4.02+0.61). During this month total rainfall was 2.35 
centimeter, average temperature was 27.900Centigrade and average relative humidity was 
51.79 percent. Lowest adult density of Ae. aegypti and Ae. vittatus was recorded during 
April (0.04+0.002 and 0.01+0.001). During this month total rainfall was nil (0.00cm), 
average temperature was highest (31.950C) and average relative humidity was 46.33 
percent. There was a notable decrease in average adult density of these mosquito species 
during August (3.39+0.28 and 1.26+0.09). Total rainfall during this month was highest 
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(31.04cm), average temperature was 27.000Centigrade and average relative humidity was 
highest (87.42%).  
 
Average adult density of Ar. obturbans (Fig. 3.15) recorded a peak during October 
(24.70+3.54). Total rainfall during this month was comparatively scanty (2.35cm), 
average temperature was comparatively low (27.900C) and average relative humidity was 
51.79 percent. Lowest average adult density (2.43+0.36) of this mosquito species was 
recorded during April. During this month total rainfall was nil (0.00cm), average 
temperature was highest (31.950C) and average relative humidity was 46.33 percent. 
There was a decline in average adult density of Ar. obturbans (5.54+1.41) recorded 
during August. Total rainfall during this month was highest (31.04cm), average 
temperature was 27.000Centigrade and average relative humidity was highest (87.42%). 
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3.3 Discussion 
 
Mosquitoes were recognized as the biggest menace and distributed throughout the Rajkot 
city. During study, survey of domestic and peridomestic breeding sites reveled that 
Rajkot city provides an ideal breeding ground for mosquitoes. Number of breeding sites 
also contributes in increase of mosquito population. As water is the most influential 
factor (Singh and Rahman, 2001). Overcrowding, poor drainage system (both natural and 
municipal), increase in industrial, commercial establishments (like restaurants, hotels, 
hospitals), multistoried buildings (like residential apartments, commercial complexes), 
industrial establishments and construction sites which uses large amount of water has led 
to the increase in collection of water. The construction sites maintain large water storage 
tanks for construction work, which is heaven for mosquitoes. Due to water scarcity also 
storage of water has become important and a routine practice through out the year in 
various types of water storage vessels. When these water storage vessels are left partially 
covered or uncovered, provides breeding opportunities to mosquitoes. It was also 
observed that people of Rajkot city show least care and poor attention towards covering 
their tanks and keeping it clean. It was noticed during survey that it is a common 
structural phenomenon in the houses to construct water storage tanks under stair case 
(Plate. 3.8). In such condition humidity is maintained due to less penetration of sunlight 
and air. Concrete tanks are also constructed at overhead and underground levels. Majority 
of such tanks are covered with either air tight or constructed pukka cover, which provides 
fewer opportunities to mosquitoes to breed in them (Table. 3.1). Anopheline mosquitoes 
like An. stephensi which is regarded as the major urban malaria vector (Joshi et al., 
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2005), An. subpictus, An. culicifacies, Aedes mosquitoes like Ae. aegypti, Ae. vittatus and 
Cx. quinquefasciatus of genus Culex has developed into an urban species.  Similar 
opinion was quoted by Bhatt et al., 1991; Das et al., 2003; Douglas and Norris, 2004; 
Gautam et al., 2006; Jagdish and Jagbir, 2003; Klinkenberg et al., 2002; Mariappan et al., 
1992;.   
 
Barrels made up of different materials like cement, plastic and metal recorded 
considerable use and also found as a cheaper, handy and supplementary option for water 
storage (Plate. 3.11, 3.12, 3.13). An. stephensi, Ae. aegypti and Ae. vittatus were 
considerably found breeding in barrels (Table. 3.1). Use of small vessels made up of 
different materials and different capacity is also prominent (Plate. 3.14). Small vessels 
made up of different materials (plastic, metal and mud) were found used for temporary 
and drinking water storages. It was observed that poor attention and carelessness was 
responsible for the breeding of mosquitoes in small vessels. In such favorable condition 
An. stephensi, Ae. aegypti and Ae. vittatus were found breeding in which Ae. aegypti was 
recorded as a dominant breeder (Table. 3.1). 
 
Considering peridomestic water collection sites, ponds containing rain water (Plate. 3.1) 
are the main source of water supply in the Rajkot city. It was observed during collection 
from such sites that mosquito larvae were found on peripheral regions having vegetation. 
The aquatic vegetation in larval habitats affects the abundance of mosquito larvae by 
providing shelter and protection (Rajni et al., 1996). During present study An. subpictus, 
An. culicifacies and Cx. quinquefasciatus were found breeding in ponds, in which An. 
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culicifacies was recorded as the dominant breeder (Table. 3.1). This species can breed in 
variety of breeding places (Rajni et al., 1996). Increased mosquito nuisance in most urban 
areas are mainly because of this species (Batra et al., 1995). 
 
Pools and ditches (Plate. 3.3, 3.4) in study area were found filled with either rain or 
sewage water. Larvae of An. subpictus were collected from such pools and ditches where 
turbidity was noticed, pools where the turbidity was not observed, larvae of An. 
culicifacies and Cx. quinquefasciatus were recorded and pools and ditches filled with 
sewage water, larvae of Cx. tritaeniorhynchus, Cx. vishnui and Ar. obturbans were found 
breeding.  
  
The water of Aji River is mainly of sewage (Plate. 3.2). As common drainages of Rajkot 
city are opening in it. During monsoon excess rain water is also discarded through the 
river. During rest of the year river turns in to a stream of sewage water (Plate. 3.2). Thus 
in open and uneven area of river bed ditches and pools are formed filled with sewage 
water and solid waste materials. Due to carelessly discarded solid waste material, 
blockage of water in the river was noticed. These river sites are the breeding ground for 
Cx. tritaeniorhynchus, Cx. vishnui, Ar. obturbans, An. subpictus, An. culicifacies and Cx. 
quinquefasciatus. 
 
Drainages, in study area are mainly found as open and closed type. Open types of 
drainages were found as either constructed (box type) (Plate. 3.5) or kachcha (not 
constructed) type of drainage (Plate. 3.6), where as closed type of drainages are under 
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grounded. All the visited drainages were found filled with sewage water. Due to 
unmaintained condition and disposal of solid waste material in open drainages (Plate. 3.5, 
3.6) resulted in to blockage of water, which further turned in to breeding site for Cx. 
tritaeniorhynchus, Cx. vishnui and Ar. obturbans, which is the dominant breeder in said 
habitat (Table. 3.1).    
 
Structure of any dwelling is important in terms of providing shelter to adult mosquitoes. 
In the study area concrete houses vary a lot in their size, shape and structure from small 
houses (Plate. 3.15) to multistory apartments (Plate. 3.16). It was observed during adult 
mosquito collection from concrete houses that flat surface of walls and ceilings were 
found responsible for providing fewer opportunities to mosquitoes for rest (Table. 3.2). 
Among the houses made up of mud or other thatch (Huts), roofs are generally made up of 
materials like mud plates (Roofing tiles, locally called as ‘Nalia’), cement or metal 
sheets, dry grass and other raw materials (Plate. 3.17). Walls and floor are generally 
plastered with special mixture made up of crushed dry grass, cow dung, soil and water 
(locally called as ‘Gar lipan’), dry grass and other materials like gunny bags. It was also 
observed that sanitation areas were poorly maintained. Presence of domestic cattle and 
cattle sheds inside houses (Plate. 3.18) which are generally of open type, provides 
additional opportunities to mosquitoes by providing potential resting habitat. Chi-square 
test of Anopheline species reflected significance for mud houses, where as Aedes species 
recorded significance for concrete houses and mud houses and Culex and Armigeres 
species recorded non-significant relationship for any type of resting habitat because these 
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mosquito species are peridomestic breeders (Table. 3.1). Thus utilization of any type of 
dwelling with the availability of live bait by these species was observed.  
 
Climate variability and the breeding of mosquitoes are considered one of the important 
environmental contributors for disease transmission (Pemola and Jauhari, 2006). 
Availability of rainfall is important for mosquitoes, if rainfall is frequent, gives adverse 
effect by flushing out breeding sites. When rainfall is scanty and with intervals, promotes 
mosquitoes by providing breeding opportunities. It also overcomes the temperature effect 
by increasing humidity in atmosphere and thereby the longevity of the adult mosquitoes 
(Pemola and Jauhari, 2006). 
 
Adult density of An. stephensi, An. subpictus and An. culicifacies (Fig. 3.52), Cx. 
quinquefasciatus, Cx. tritaeniorhynchus and Cx. vishnui (Fig. 3.53), Ae. aegypti and Ae. 
vittatus (Fig. 3.54) and Ar. obturbans (Fig. 3.55) when compared with total rainfall, 
average temperature and average relative humidity reveled that during August rainfall 
recorded its peak (31.04cms), which must have affected peridomestic breeding sites of 
mosquitoes by flushing it out which ultimately resulted in to decline in adult density of 
An. subpictus, An. culicifacies, Cx. quinquefasciatus, Cx. tritaeniorhynchus, Cx. vishnui 
and Ar. obturbans.  An. stephensi, Ae. aegypti and Ae. vittatus were recorded as solely 
domestic breeder (Table. 3.1). Thus rainfall was not effective on An. stephensi (Fig. 3.12) 
but affected Ae. aegypti and Ae. vittatus during peak monsoon season (August) even 
though they are domestic breeder because these mosquito species recorded breeding in 
small vessels (Table. 3.1) and due to small water storage capacity frequent flushing of 
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these vessels must have affected larvae which ultimately affected the Ae. aegypti and Ae. 
vittatus adult density. Thus it can be quote that excess rainfall is unfavorable for 
mosquitoes, especially for peridomestic breeders. 
Post monsoon period i.e. September and October recorded most favorable for all the 
mosquito species. As during these months rain became scarce, average temperature and 
average relative humidity also recorded gradual decline during September and October 
(Fig. 3.52). Adult density of all the mosquito species recorded sudden increase in which 
An. stephensi, An. subpictus and An. culicifacies (Fig. 3.52), Cx. quinquefasciatus (Fig. 
3.53) adults recorded peak in density during September, where as adult density of Cx. 
tritaeniorhynchus and Cx. vishnui (fig. 3.53), Ae. aegypti and Ae. vittatus (Fig. 3.54) and 
Ar. obturbans (Fig. 3.55) recorded peak during October. Thus decline in rainfall and 
falling with intervals in combination with temperature and relative humidity created 
favorable environment by providing plenty of breeding sites and healthful environmental 
conditions for adults which resulted in to increase in density.   
 
During winter season i.e. December and January, average temperature recorded 
remarkable decline. Lowest average temperature was recorded during January (20.700C). 
Average relative humidity during this month recorded decline (46.05%) and rainfall was 
not recorded (0.00cm). average adult density of all the mosquito species viz. An. 
stephensi, An. subpictus and An. culicifacies (Fig. 3.52), Cx. quinquefasciatus, Cx. 
tritaeniorhynchus and Cx. vishnui (Fig. 3.53), Ae. aegypti and Ae. vittatus (Fig. 3.54) and 
Ar. obturbans (Fig. 3.55)  recorded decline during January. Thus decline in temperature 
must have affected adults by limiting breeding activities and capacities. The activity of 
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the insect diminishes abruptly below 150C until inhibition under daily means of 120C, 
temperature lower than 180C hampers the oviposition in mosquitoes (Alicia et al., 2000).    
 
During summer increase in temperature becomes unfavorable to mosquitoes. 
Temperature over 400C or lower than 00C are limiting factors that have lethal effects on 
the mosquito adults and the survival rates (Alicia et al., 2000). During April (Mid 
summer period) average highest temperature was recorded (31.950C) and average adult 
density of all mosquito species viz. An. stephensi, An. subpictus and An. culicifacies (Fig. 
3.52), Cx. quinquefasciatus, Cx. tritaeniorhynchus and Cx. vishnui (Fig. 3.53), Ae. 
aegypti and Ae. vittatus (Fig. 3.54) and Ar. obturbans (Fig. 3.55) recorded lowest. Thus 
increase in temperature must have affected adult mosquitoes. 
  
It is known that human settlement in any area provides additional breeding and resting 
sites for mosquitoes. High human density provides additional blood meal opportunities 
too (Joseph et al., 2004). The combination of natural and manmade factors was observed 
giving both optimistic and pessimistic effects to the mosquitoes. Ward number 18, 19 and 
20 (Fig. 2.1) are sharing three large water bodies named Lalpari and Randarda lakes and 
Aji-I reservoir, which were recorded as a largest breeding habitat for An. subpictus, An. 
culicifacies and Cx. quinquefasciatus during study. In addition to that carelessness and 
common negligence by local people resulted in to uncovered domestic water storage 
vessels providing breeding habitat for the mosquitoes. Results reflected highest average 
larval density of Cx. quinquefasciatus in ward number 19 and An. stephensi, An. 
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subpictus, An. culicifacies and Ar. obturbans recorded highest average larval density in 
ward number 20 (Table. 3.5).  
 
Ward number 18 covering 5,276 sq.km with house density of 955.26 sq.km (n=6,160) 
having 15,014.21 human density (n=79,215), ward number 19, covering 6,337 sq.km area 
with house density of 972.06 sq.km (n=6,160) having 6,658.67 human density 
(n=42,102) and ward number 20 of 2,937 sq.km area having 1,144.02 house density 
(n=3,360) and 13,060.61 (n=38,359) density of the people residing (Table. 2.1). Presence 
of domestic cattle and cattle sheds in houses provided additional blood meal opportunity 
and resting sites to adult mosquitoes which resulted in to highest average adult density of 
Cx. tritaeniorhynchus, Cx. vishnui and Ar. obturbans in ward number 18, Ae. vittatus and 
Ae. aegypti in ward number 19 and An. stephensi, An. subpictus, An. culicifacies and Cx. 
quinquefasciatus in ward number 20 (Table. 3.6).  
 
Ward number 22 of study area (Fig. 2.1) is under development. Thus it was observed 
during collection in this ward that in newly developed areas lacking drainage system, 
waste water from houses was commonly discarded in to ground depressions forming 
ditches filled with sewage water (Plate. 3.7). Ultimately these ditches became breeding 
habitat for Cx. tritaeniorhynchus and Cx. vishnui and recorded highest average larval 
density of these mosquito species in ward number 22 (Table. 3.5).  
 
Ward number 6 of study area (Fig. 2.1) comprised of industrial and residential area. It 
was observed during study that in the small and big Industries metal objects and materials 
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were found laying in open areas as well as open water storage vessels provided an idol 
breeding opportunities for Ae. aegypti and Ae. vittatus, resulted in to highest average 
larval density (Table. 3.5) 
 
Ward number 8, 9, 10, 11 (Fig. 2.1) is the central part of Rajkot city. It was observed 
during collection in these wards that human settlement having concrete houses with 
covered domestic water collection vessels and underground sewage water management in 
these areas hampered mosquito breeding activity as well as these dwellings were also 
found giving fewer opportunities to adult mosquitoes for rest (Table. 3.1). The results 
reflected lowest average larval and adult density of mosquito species in these ward areas. 
i.e. lowest average larval density of Ae. aegypti in ward number 9, An. culicifacies in 
ward number 10, An. stephensi, An. subpictus, Cx. quinquefasciatus, Cx. 
tritaeniorhynchus, Cx. vishnui, Ae. vittatus and Ar. obturbans in ward number 11 (Table. 
3.5) and lowest average adult density of Cx. tritaeniorhynchus and Cx. vishnui was 
recorded in ward number 8, Ae. vittatus and Ar. obturbans in ward number 10, An. 
stephensi, An. subpictus, An. culicifacies, Cx. quinquefasciatus and  in ward number 11 
(Table. 3.7). 
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Table. 3.1: Mosquito species larvae contraction (%) in various habitats at Rajkot during 2004. 
 
 
 
 
 
 
 
Mosquito species 
Anopheles Culex Aedes Armigeres Breeding Habitats 
An. stephensi An. subpictus An. culicifacies Cx. quinquefasciatus Cx. tritaeniorhynchus Cx. vishnui Ae. aegypti Ae. vittatus Ar. obturbans 
Domestic                   
   Concrete tanks                   
        At Ground 55% 1% 3% 1%  -   16% 12%  - 
        Overhead 10% 3% 4% 2%  -   6% 8%  - 
        Underground 7%  -  -  -  -    -  -  - 
   Barrels (Cement, Plastic, 
Metal) 20% 1% 1%  -  -   10% 23%  - 
   Small vessels with 
varying water storage 
capacity 
8%  -  -  -  -  - 68% 57%  - 
Peridomestic                   
   Pond - 17% 56% 27%  -  -  -  -  - 
   River - 8% 9% 9% 15% 12%  -  - 5% 
   Pool - 40% 17% 13% 5% 7%  -  -  - 
   Ditch - 30% 10% 48% 20% 24%  -  - 25% 
   Drainage -  -  -  - 60% 57%  -  - 70% 
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Table. 3.2: Day time resting habitat of adult mosquito species in Rajkot on the bases of adult collection during 2004. 
 
 
 
 
 
 
 
 
 
 
Mosquito species  
Anopheles Culex Aedes Armigeres Resting Habitats 
An. stephensi An. subpictus An. culicifacies Cx. quinquefasciatus Cx. tritaeniorhynchus Cx. vishnui Ae. aegypti Ae. vittatus Ar. obturbans 
Human Dwellings (Houses 
without cattle & cattle sheds)                   
Concrete Houses 8% 3% 1% 15% 13% 14% 17% 19% 14% 
Mud Houses 14% 15% 7% 18% 15% 22% 23% 25% 19% 
Huts 22% 18% 8% 17% 20% 21% 28% 23% 17% 
Mixed Dwellings (Houses with 
Cattle & Cattle Sheds)                   
Concrete houses 11% 8% 10% 22% 15% 16% 11% 6% 16% 
Mud Houses 29% 34% 45% 16% 19% 15% 9% 12% 15% 
Huts 16% 22% 29% 12% 18% 13% 12% 15% 19% 
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Table. 3.3. Chi-Square (χ2) test for the significance of day time resting habitats of adult mosquito species in Rajkot on the bases 
of adult collection. 
 
 Concrete houses (without cattle sheds) (CH) Mud houses (without cattle sheds) (MH)  Huts (without cattle sheds) (H)  
Concrete houses (with cattle sheds) (CH+)   Mud houses (with cχχχχattle sheds) (MH+) Huts (with cattle sheds) (H+) 
O E O E O E 
Mosquito species 
CH-CH+ CH-CH+ 
df χ2 S/NS 
MH-MH+ MH-MH+ 
df χ 2 S/NS 
H-H+ H-H+ 
df  χ 2  S/NS  
An. stephensi 21-29 25-25 1 1.28 NS  36-76 56-56 1 14.28 S 57-42 49.5-49.5 1 1.13 NS 
An. subpictus 10-20 15-15 1 4.16 S 33-74 53.5-53.5 1 15.70 S 39-48 43.5-43.5 1 0.92 NS 
An. culicifacies 6-18 12-12 1 9.00 S 10-62 36-36 1 37.40 S 11-40 25.5-25.5 1 16.48 S 
Cx. quinquefasciatus  62-91  76.5-76.5 1 5.48 S 74-66 70-70 1 0.44 NS 70-49 59.5-59.5 1 3.70 NS 
Cx. tritaeniorhynchus  29-33 31-31 1 0.24 NS 33-42 37.5-37.5 1 1.08 NS 45-40 42.5-42.5 1 0.28 NS 
Cx. vishnui  28-32 30-30 1 0.26 NS 44-30 37-37 1 2.64 NS 42-26 34-34 1 3.76 NS 
Ae. aegypti  27-17  22-22  1  6.00 S 36-14 25-25 1 9.68 S 44-19 31.5-31.5 1 9.92 S 
Ae. vittatus  28-8  16.5  1  8.74  S  33-16  24.5-24.5  1  5.88  S  31-20  25.5-25.5  1  2.36  NS 
Ar. obturbans  44-50  47-47  1  0.38  NS  60-47  53.5-53.5  1  1.56  NS  54-60  57-57  1  0.30  NS 
Note: 1. Table value at 5% level for one degree of freedom is 3.84, which was commonly taken 
          2. All the observed frequencies are annual average values 
O   = Observed frequencies 
E    = Expected frequencies 
df   = Degree of freedom 
S    = Significant 
NS = Non significant  
 
 69
Table. 3.4: Average Larval Density (LD) per litre per month (with SD) of mosquito species found in Rajkot during 2004. 
 
 
 
 
 
 
Average LD / l / m of mosquito species 
Anopheles Culex Aedes Armigeres 
Year 2004 
months 
An. stephensi An. subpictus An. culicifacies Cx. quinquefasciatus Cx. tritaeniorhynchus Cx. vishnui Ae. aegypti Ae. vittatus Ar. obturbans 
January 4.82 + 0.40  4.05 + 0.10 1.24 + 0.52 22.41 + 3.71 26.43 + 2.54 7.92 + 1.05 2.25 + 0.16 0.94 + 0.05 28.63 + 2.52 
February 5.84 + 0.28 3.24 + 0.30 0.62 + 0.04 28.16 + 4.29 22.52 + 2.47 8.86 + 1.56 2.62 + 0.24 0.72 + 0.06 22.12 + 2.43 
March 4.23 + 0.64 2.92 + 0.42 1.11 + 0.12 18.91 + 2.22 16.84 + 3.68 6.92 + 1.83 1.31 + 0.51 0.44 + 0.03 19.87 + 3.19 
April 4.57 + 0.34  2.31 + 0.31 0.63 + 0.16 14.15 + 1.70 9.13 + 1.80 5.54 + 2.43 1.13 + 0.08 0.62 + 0.06 6.21 + 1.53 
May 5.13 + 0.38 1.62 + 0.33 0.52 + 0.02 11.92 + 2.51 7.11 + 2.29 6.06 + 1.27 1.91 + 0.11 1.14 + 0.25 7.85 + 2.61 
June 4.51 + 0.71 2.16 + 0.48 0.84 + 0.08 11.33 + 3.83 7.94 + 3.85 5.52 + 1.61 2.42 + 0.86 1.42 + 0.34 6.84 + 2.36 
July 4.60 + 0.84 1.83 + 0.64 1.15 + 0.37 9.60 + 2.24 8.16 + 2.06 4.37 + 2.82 3.94 + 0.93 1.61 + 0.37 6.16 + 1.24 
August 5.52 + 0.47 1.41 + 0.36 0.32 + 0.01 9.27 + 2.64 5.54 + 1.10 3.05 + 1.65 2.22 + 0.64 1.13 + 0.46 5.12 + 0.18 
September 8.44 + 0.16 5.01 + 1.16 2.83 +  0.42 25.64 + 3.50 17.14 + 3.74 8.82 + 2.94 6.94 + 1.38 2.92 + 0.50 10.78 + 2.86 
October 7.91 + 0.53 4.92 + 0.20 2.71 + 0.25 37.82 + 5.97 29.42 + 4.33 10.35+2.66 5.71 + 0.24 2.14 + 0.81 17.53 + 3.67 
November 6.72 + 0.89 3.55 + 0.44 2.25 + 0.56 35.43 + 6.87 28.47 + 5.73 9.74 + 1.65 3.92 + 0.69 2.05 + 0.79 28.84 + 4.61 
December 6.05 + 0.38 3.80 + 0.42 1.66 + 0.42 34.52 + 4.26 28.60 + 3.36 10.12+3.20 2.83 + 0.73 1.46 + 0.24 28.52 + 2.39 
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Table. 3.5: Ward wise average Larval Density (LD) per litre per ward (with SD) of mosquito species found in Rajkot during 2004. 
 
Per litre LD / ward 
Anopheles Culex Aedes ArmigeresWard No. 
An.stephensi An.subpictus An.culicifacies Cx.quinquefasciatus Cx.tritaeniorhynchus Cx. vishnui Ae. aegypti Ae. vittatus Ar. obturbans 
1  4.25 + 0.87 2.34 + 0.63 0.50 + 0.03 17.70 + 5.58 22.33 + 3.35 11.50 + 4.68 2.62 + 0.74 0.83 + 0.02 27.92 + 3.48 
2  3.33 + 0.54 1.39 + 0.08  0.58 + 0.01 22.92 + 4.41 19.45 + 4.61 9.47 + 2.45 1.42 + 0.81 0.66 + 0.01 22.66 + 4.14 
3 3.67 + 0.21 1.96 + 0.10 0.33 + 0.02 33.83 + 5.27 24.16 + 4.58 10.16 + 2.27 1.50 + 0.23 0.70 + 0.03 27.33 + 3.76 
4 3.00 + 0.32 2.04 + 0.54 0.37 + 0.06 20.08 + 5.54 28.16 + 4.28 10.41 + 2.61 1.69 + 0.11 1.00 + 0.05 13.95 + 3.35 
5 3.08 + 0.65 1.58 + 0.06 1.03 + 0.04 32.25 + 3.61 23.37 + 5.10 10.83 + 3.28 1.58 + 0.28 0.89 + 0.01 22.67 + 5.28 
6 4.73 + 0.98 2.71 + 0.84 0.75 + 0.03 37.08 + 5.28 24.00 + 3.24 10.57 + 2.64 2.67 + 0.50 1.12 + 0.06 27.37 + 6.10 
7 2.72 + 0.75 1.89 + 0.11 0.38 + 0.001 26.25 + 4.46 22.84 + 5.45 10.66 + 4.31 1.13 + 0.08 0.83 + 0.02 19.92 + 2.43 
8 3.71 + 0.42 2.42 + 0.63 0.03 + 0.003 19.75 + 4.38 21.83 + 5.37 11.00 + 4.41 1.21 + 0.91 0.58 + 0.02 20.83 + 3.28 
9 3.25 + 0.16 1.88 + 0.14 0.04 + 0.001 21.33 + 3.91 20.08 + 5.28 10.00 + 3.75 1.00 + 0.03 0.54 + 0.01 19.41 + 4.16 
10 3.62 + 0.82 1.46 + 0.02 0.02 + 0.004 24.25 + 5.42 14.42 + 4.91 9.25 + 1.81 1.37 + 0.01 0.71 + 0.008 19.58 + 2.67 
11  1.75 + 0.43 0.92 + 0.02 0.10 + 0.01 12.16 + 2.05 13.83 + 4.74 8.08 + 3.27 1.08 + 0.34 0.37 + 0.001 10.94 + 1.81 
12  2.83 + 0.81 1.21 + 0.04 0.03 + 0.001 14.75 + 3.61 15.08 + 3.58 9.00 + 3.56 1.58 + 0.15 0.70 + 0.01 18.27 + 4.71 
13 3.21 + 0.75 2.00 + 0.29 0.52 + 0.02 16.50 + 3.34 14.04 + 4.64 8.67 + 3.91 1.62 + 0.21 0.79 + 0.02 20.50 + 4.96 
14 3.11 + 0.69 1.64 + 0.13 0.38 + 0.04 23.25 + 5.27 22.16 + 2.10 10.25 + 4.26 1.72 + 0.26 0.58 + 0.01 24.93 + 5.36 
15 3.08 + 0.87 2.00 + 0.68 0.75 + 0.01 39.67 + 4.84 21.25 + 2.24 11.25 + 2.35 2.25 + 0.64 1.04 + 0.08 11.75 + 3.51 
16 2.48 + 0.64 2.27 + 0.59 0.52 + 0.03 39.25 + 4.90 21.91 + 2.95 11.42 + 2.84 2.08 + 0.51 0.64 + 0.01 12.71 + 2.72 
17 5.21 + 0.25 2.41 + 0.40 0.81 + 0.02 24.29 + 2.16 23.16 + 3.35 11.50 + 4.51 2.29 + 0.12 0.73 + 0.03 13.50 + 2.28 
18 3.67 + 0.22 2.70 + 0.27 1.80 + 0.07 54.25 + 6.72 23.44 + 4.16 9.72 + 2.67 1.96 + 0.48 0.61 + 0.05 27.75 + 3.61 
19 4.34 + 0.10 2.97 + 0.44 2.08 + 0.29 57.35 + 5.46 23.67 + 4.54 10.55 + 3.45 1.83 + 0.38 0.67 + 0.02 26.35 + 3.43 
20 6.50 + 1.13 3.37 + 0.01 2.83 + 0.46 23.37 + 4.67 28.33 + 4.67 8.61 + 2.46 2.50 + 0.26 1.08 + 0.07 28.50 + 4.25 
21 4.08 + 1.16 1.92 + 0.73 0.40 + 0.02 22.21 + 4.71 27.83 + 4.38 8.98 + 3.86 1.80 + 0.31 0.45 + 0.00 18.58 + 2.54 
22 3.89 + 0.84 1.10 + 0.09 0.26 + 0.01 28.83 + 3.85 28.92 + 5.15 11.58 + 3.72 1.75 + 0.22 0.60 + 0.04 24.41 + 2.57 
23 4.78 + 0.52 1.82 + 0.03 0.48 + 0.03 18.37 + 4.96 14.96 + 5.24 8.12 + 2.50 1.96 + 0.37 0.55 + 0.02 11.62 + 3.19 
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Table. 3.6: Average adult density (Average Man per Hour Density - MHD) per month (with SD) of mosquito species found in 
Rajkot during 2004. 
 
 
 
 
Average MHD / month  
Anopheles Culex Aedes ArmigeresYear 2004 months 
An.stephensi An.subpictus An.culicifacies Cx.quinquefasciatus Cx.tritaeniorhynchus Cx.vishnui Ae.aegypti Ae.vittatus Ar.obturbans 
January 5.89 + 0.45 4.52 + 0.54 1.17 + 0.03 8.22 + 1.63 5.37 + 0.52 4.33 + 0.27 0.26 + 0.001 0.11 + 0.002 6.76 + 1.53 
February 6.04 + 1.23 4.26 + 0.46 0.85 + 0.04 6.91 + 1.35 3.43 + 0.41 3.33 + 0.61 0.15 + 0.002 0.06 + 0.003 5.02 + 0.24 
March 4.28 + 0.56 2.85 + 0.52 0.65 + 0.02 5.98 + 0.81 2.15 + 0.69 2.33 + 0.25 0.09 + 0.001 0.02 + 0.001 3.30 + 0.15 
April 3.02 + 0.74 1.70 + 0.43 0.33 + 0.01 5.41 + 0.27 1.37 + 0.06 1.33 + 0.08 0.04 + 0.002 0.01 + 0.001 2.43 + 0.36 
May 4.20 + 0.82 2.52 + 0.82 0.61 + 0.05 7.33 + 1.51 2.37 + 0.58 1.83 + 0.05 2.24 + 0.65 1.11 + 0.14 3.11 + 0.57 
June 3.80 + 0.15 3.96 + 0.69 1.50 + 0.12 10.96 + 1.94 4.37 + 0.94 3.33 + 0.62 3.22 + 0.98 1.50 + 0.16 4.61 + 0.84 
July 6.76 + 0.61 5.83 + 0.58 1.59 + 0.28 13.61 + 2.85 5.87 + 0.58 4.33 + 0.51 3.72 + 0.45 2.35 + 0.75 6.54 + 1.25 
August 8.85 + 2.30 4.91 + 0.72 0.91 + 0.06 17.13 + 3.63 3.37 + 0.62 1.83 + 0.24 3.39 + 0.28 1.26 + 0.09 5.54 + 1.41 
September 13.35 + 5.41 11.35 + 3.51 4.02 + 0.68 25.00 + 4.25 8.37 + 2.35 6.83 + 1.14 4.78 + 0.45 3.39 + 0.38 8.54 + 2.36 
October 9.39 + 3.24 8.26 + 1.36 2.85 + 0.14 22.50 + 3.14 9.37 + 2.41 7.83 + 1.62 5.93 + 0.65 4.02 + 0.61 24.70 + 3.54 
November 7.43 + 1.58 5.07 + 0.42 1.67 + 0.04 19.50 + 2.74 7.87 + 0.26 6.33 + 1.35 3.41 + 0.87 2.11 + 0.25 21.61 + 3.25 
December 8.17 + 1.64 4.00 + 0.52 1.00 + 0.06 13.50 + 3.58 6.87 + 1.75 5.33 + 1.10 1.46 + 0.05 0.87 + 0.05 15.74 + 3.36 
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Table. 3.7: Ward wise average adult density (Average Man per Hour Density - MHD) per ward (with SD) of mosquito species 
found in Rajkot during 2004. 
 
Average MHD / ward 
Anopheles Culex Aedes ArmigeresWard No. 
An.stephensi An.subpictus An.culicifacies Cx.quinquefasciatus Cx.tritaeniorhynchus Cx.vishnui Ae.aegypti Ae.vittatus Ar.obturbans 
1 5.08 + 0.45 2.08 + 0.78 0.23 + 0.01 12.00 + 3.46 4.75 + 0.87 2.63 + 0.19 2.71 + 0.30 0.71 + 0.06 7.96 + 2.43 
2 5.58 + 0.21 1.83 + 0.14 0.21 + 0.02 11.67 + 2.21 4.17 + 0.56 2.92 + 0.36 2.75 + 0.25 0.71 + 0.05 7.67 + 1.52 
3 4.71 + 0.36 1.63 + 0.11 0.20 + 0.01 11.25 + 3.53 3.58 + 0.41 3.42 + 0.41 2.50 + 0.62 0.67 + 0.02 8.21 + 1.10 
4 5.00 + 0.84 0.38 + 0.26 0.21 + 0.02 11.88 + 1.87 5.25 + 0.23 3.58 + 0.25 1.67 + 0.14 0.71 + 0.03 8.42 + 1.36 
5 3.58 + 0.52 1.67 + 0.35 0.15 + 0.03 12.13 + 3.46 5.75 + 0.58 4.00 + 0.78 1.75 + 0.10 1.29 + 0.16 8.75 + 1.82 
6 5.33 + 0.15 0.88 + 0.05 0.22 + 0.01 12.92 + 3.95 4.25 + 0.64 3.46 + 0.68 1.17 + 0.15 0.79 + 0.04 9.75 + 1.46 
7 6.50 + 0.67 1.04 + 0.02 0.27 + 0.01 13.54 + 2.35 6.25 + 1.12 3.92 + 0.92 2.29 + 0.36 1.42 + 0.42 9.96 + 2.51 
8 4.54 + 0.84 0.54 + 0.05 0.27 + 0.02 12.58 + 4.12 3.54 + 0.35 2.29 + 0.41 2.42 + 0.85 0.92 + 0.09 8.50 + 2.25 
9 5.25 + 0.25 0.58 + 0.02 0.20 + 0.01 12.88 + 2.67 4.09 + 0.87 3.79 + 0.42 1.88 + 0.04 0.54 + 0.03 8.79 + 1.41 
10 4.04 + 0.16 0.30 + 0.01 0.28 + 0.03 11.17 + 3.81 4.29 + 0.45 3.75 + 0.36 1.17 + 0.15 0.38 + 0.04 7.21 + 1.36 
11 2.25 + 0.48 0.29 + 0.03 0.09 + 0.01 10.46 + 2.23 4.08 + 0.12 2.63 + 0.58 1.08 + 0.05 0.42 + 0.01 7.67 + 1.87 
12 3.08 + 0.52 0.46 + 0.01 0.13 + 0.01 11.25 + 2.41 5.75 + 1.36 3.46 + 0.38 1.21 + 0.07 0.54 + 0.02 7.46 + 0.52 
13 6.50 + 0.16 0.83 + 0.03 0.19 + 0.002 13.17 + 3.23 5.25 + 0.98 3.92 + 0.52 2.08 + 0.81 1.00 + 0.12 9.71 + 1.36 
14 4.88 + 0.35 1.21 + 0.08 0.22 + 0.01 13.83 + 4.30 4.25 + 0.46 3.08 + 0.61 1.75 + 0.25 1.04 + 0.13 9.63 + 1.46 
15 6.67 + 0.24 1.92 + 0.07 0.17 + 0.02 13.54 + 2.64 5.75 + 0.28 4.75 + 0.35 3.04 + 0.46 1.83 + 0.17 9.08 + 1.20 
16 8.21 + 1.85 2.71 + 0.64 0.34 + 0.01 14.58 + 4.82 3.75 + 0.65 4.42 + 0.48 3.79 + 0.12 2.83 + 0.12 9.58 + 2.12 
17 9.42 + 1.69 2.96 + 0.12 0.39 + 0.02 13.33 + 3.53 5.75 + 1.15 4.75 + 0.71 2.71 + 0.36 1.92 + 0.08 9.92 + 2.51 
18 11.42 + 2.87 2.50 + 0.20 0.48 + 0.01 15.50 + 3.92 7.25 + 1.57 5.75 + 0.46 3.25 + 0.20 2.42 + 0.36 10.58 + 1.43 
19 9.58 + 1.94 2.42 + 0.52 0.40 + 0.02 14.71 + 2.42 5.75 + 0.50 4.54 + 0.25 4.92 + 0.52 3.92 + 0.85 8.88 + 1.84 
20 13.21 + 3.61 3.00 + 0.34 0.55 + 0.02 15.75 + 4.15 6.25 + 1.34 4.92 + 0.36 3.42 + 0.72 2.58 + 0.72 9.88 + 1.67 
21 11.25 + 2.25 1.38 + 0.06 0.47 + 0.01 14.75 + 3.36 5.25 + 1.81 3.54 + 0.26 3.33 + 0.53 2.54 + 0.36 10.08 + 2.94 
22 10.29 + 2.43 1.08 + 0.04 0.43 + 0.01 12.54 + 2.42 4.75 + 0.26 3.50 + 0.46 2.21 + 0.16 1.50 + 0.07 8.83 + 2.51 
23 9.25 + 1.62 1.21 + 0.03 0.39 + 0.01 13.67 + 3.58 6.75 + 1.32 3.88 + 0.15 2.29 + 0.47 1.42 + 0.02 10.33 + 2.28 
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Figure. 3.14: Average Larval Density (LD) / litre / month of An. stephensi during 2004. 
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Figure. 3.15: Average Larval Density (LD) / litre / month of An. subpictus during 2004. 
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Figure. 3.16: Average Larval Density (LD) / litre / month of An. culicifacies during 2004. 
0
0.5
1
1.5
2
2.5
3
3.5
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
2004
A
v.
 L
D
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
75
Figure. 3.17: Average Larval Density (LD) / litre / month of Cx. quinquefasciatus during 2004. 
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Figure. 3.18: Average Larval Density (LD) / litre / month of Cx. tritaeniorhynchus during 
2004. 
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Figure. 3.19: Average Larval Density (LD) / litre / month of Cx. vishnui during 2004. 
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Figure. 3.20: Average Larval Density (LD) / litre / month of Ae. aegypti during 2004. 
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Figure. 3.21: Average Larval Density (LD) / litre / month of Ae. vittatus during 2004. 
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Figure. 3.22: Average Larval Density (LD) / litre / month of Ar. obturbans during 2004. 
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Figure. 3.23: Average Larval Density (LD) / litre / ward of An. stephensi during 2004. 
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Figure. 3.24: Average Larval Density (LD) / litre / ward of An. subpictus during 2004. 
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Figure. 3.25: Average Larval Density (LD) / litre / ward of An. culicifacies during 2004. 
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Figure. 3.26: Average Larval Density (LD) / litre / ward of Cx. quinquefasciatus during 2004. 
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Figure. 3.27: Average Larval Density (LD) / litre / ward of Cx. tritaeniorhynchus during 2004. 
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Figure. 3.28: Average Larval Density (LD) / litre / ward of Cx. vishnui during 2004. 
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Figure. 3.29: Average Larval Density (LD) / litre / ward of Ae. aegypti during 2004. 
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Figure. 3.30: Average Larval Density (LD) / litre / ward of Ae. vittatus during 2004. 
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Figure. 3.31: Average Larval Density (LD) / litre / ward of Ar. obturbans during 2004. 
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Figure. 3.32: Average Adult Man per Hour Density (MHD) / month of An. stephensi during 
2004. 
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Figure. 3.33: Average Adult Man per Hour Density (MHD) / month of An. subpictus during 
2004. 
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Figure. 3.34: Average Adult Man per Hour Density (MHD) / month of An. culicifacies  during 
2004. 
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Figure. 3.35: Average Adult Man per Hour Density (MHD) / month of Cx. quinquefasciatus 
during 2004. 
0
5
10
15
20
25
30
35
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
2004
A
v.
 M
 H
 D
 
Figure. 3.36: Average Adult Man per Hour Density (MHD) / month of Cx. tritaeniorhynchus 
during 2004. 
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Figure. 3.37: Average Adult Man per Hour Density (MHD) / month of Cx. vishnui during 
2004. 
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Figure. 3.38: Average Adult Man per Hour Density (MHD) / month of Ae. aegypti during 
2004. 
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Figure. 3.39: Average Adult Man per Hour Density (MHD) / month of Ae. vittatus during 
2004. 
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Figure. 3.40: Average Adult Man per Hour Density (MHD) / month of Ar. obturbans during 
2004. 
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Figure. 3.41: Average Adult Man per Hour Density (MHD) / ward of An. stephensi during 
2004. 
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Figure. 3.42: Average Adult Man per Hour Density (MHD) / ward of An. subpictus during 
2004. 
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Figure. 3.43: Average Adult Man per Hour Density (MHD) / ward of An. culicifacies during 
2004. 
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Figure. 3.44: Average Adult Man per Hour Density (MHD) / ward of Cx. quinquefasciatus 
during 2004. 
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Figure. 3.45: Average Adult Man per Hour Density (MHD) / ward of Cx. tritaeniorhynchus 
during 2004. 
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Figure. 3.46: Average Adult Man per Hour Density (MHD) / ward of Cx. vishnui during 2004. 
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Figure. 3.47: Average Adult Man per Hour Density (MHD) / ward of Ae. aegypti during 2004. 
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Figure. 3.48: Average Adult Man per Hour Density (MHD) / ward of Ae. vittatus during 2004. 
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Figure. 3.49: Average Adult Man per Hour Density (MHD) / ward of Ar. obturbans during 
2004. 
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Figure. 3.50 
Average annual Larval Density (LD) / litre of mosquito species found in Rajkot during 2004. 
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Figure. 3.51 
Average annual Adult Man per Hour Density (MHD) of mosquito species found in Rajkot during 2004. 
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Figure. 3.52  
Adult Man per Hour Density (MHD) of Anopheles species / total rain fall (cm) / average temperature (0C) / average relative humidity 
(%) / month during 2004. 
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Figure. 3.53 
Adult Man per Hour Density (MHD) of Culex species / total rain fall (cm) / average temperature (0C) / average relative humidity (%) / 
month during 2004. 
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Figure. 3.54 
Adult Man per Hour Density (MHD) of Aedes species / total rain fall (cm) / average temperature (0C) / average relative humidity (%) / 
month during 2004. 
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Figure. 3.55 
Adult Man per Hour Density (MHD) of Armigeres species / total rain fall (cm) / average temperature (0C) / average relative humidity 
(%) / month during 2004. 
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CHAPTER – IV 
PESTICIDE STUDIES 
 
These studies were conducted from 1st July 2006 to 31st March 2007 to determine 
susceptibility, tolerance and resistance status of selected larval and adult vector mosquito 
species of Rajkot viz. Anopheles stephensi, Culex quinquefasciatus and Aedes aegypti, 
which are vectors of malaria, filaria and dengue diseases respectively. Mortality rate of 
larvae and adult mosquitoes against dissimilar dosages of larvicides or insecticides 
determines the level of susceptibility, tolerance and resistance, that if mortality is higher 
or equal to 98% than mosquito larvae or adults are referred as susceptible, if mortality is 
between 98-80% than mosquito larvae or adults are referred as tolerant and if mortality of 
mosquito larvae or adults is less than or 80%, than it is referred as resistance (Ansari et 
al., 2004; Davri et al., 2006; Ima et al., 2004; Jose et al., 2003; Karam and Bansal, 2005.; 
Karen et al., 2001; Pungasem et al., 2005; Rey et al., 2001; Vatandoost, 2001; 
Vatandoost et al., 2004). 
  
4.1 Material and Methods 
Field collected larvae and adult mosquitoes were used as a material. Baytex 1000 
(Fenthion 82.5% EC) and Abate (Temephos 50% EC) larvicides, Malathion 5% and 
Deltamethrin 0.05% insecticides and one commercially available insecticide containing 
(cyfluthrin 0.025%, transfluthrin 0.04%) were selected for different experiments. 
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4.1.1 Test for mosquito larvae (The Elliot Larval test)  
• Solvents of Baytex 1000 (Fenthion 82.5% EC) and Abate (Temephos 50% EC) 
larvicides were prepared at different concentrations of 200, 100, 50, 10, 1, 0.1, 
and 0.01 mg/litre in water.  
• Transparent plastic polymer cups with more than 100ml capacity were used to 
hold larvae and solution. Three sets were prepared in which one set was 
containing larvicide concentrations (exposure set). Another set was prepared 
without larvicide concentrations (recovery set) and one set was prepared as 
control (Control set). A mixture of crushed biscuits and yeast powder was given 
as a common food in each set.  
• 1 ml graduated pipette fitted with micropipette fillers (one micropipette for each 
concentration of larvicide) were used to take stock solution. Small pieces of 
cotton mash cloth (one for each concentration of larvicide) were used for larval 
transferring from one set to another.  
 
      Procedure 
• Twenty five larvae were placed in each cup of recovery set. Premixed larvicide’s 
dilution was poured into each cup of exposure set. Larvae were than transferred to 
exposure set from recovery set.  
• Larvae were exposed for 1 hr in each concentration. Each batch of larvae was 
transferred into recovery set and first reading was taken. Larvae were kept 
undisturbed for a period of 5 hours before taking second reading and third reading 
was taken after 24 hours. The result was calculated as percentage of mortality 
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which indicated levels of susceptibility, tolerance and resistance. Obtained data 
was plot on log scale graph and Lc50 and Lc98 values were obtained.  
 
4.1.2 Bioassay of adult mosquitoes  
This test was conducted by using standard WHO susceptibility test kit, which was 
provided by Malaria department, Rajkot Municipal Corporation. It is an instrument made 
up of two transparent detachable polymer plastic tubes known as holding and exposure 
tubes divided by sliding plastic plate having a hole to connect or disconnect holding and 
exposure tubes. Readily prepared insecticide solution papers with Malathion 5% and 
Deltamethrin 0.05% concentrations were selected for bioassay. 
 
 
Instrument used for susceptibility test 
      Procedure 
•    Twenty five, field collected, blood fed and identified mosquitoes of same species 
were exposed in to holding tube. Cotton socked in 10% glucose solution was 
supplied to the mosquitoes in all the stages of the experiment. Selected insecticide 
solution paper was put into the exposure tube. Mosquitoes in holding tube were 
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than transferred into the exposure tube by sliding intermediate plate. Another set 
of control without insecticide solution paper was also run simultaneously. Four 
replications with the same arrangement were done. 
•    Mosquitoes were exposed for 1 hour in exposure tube containing insecticide 
solution paper.  
•    Mosquitoes were transferred again into the holding tube and first reading was 
taken. Second reading was taken after 24 hrs.  
•    Mortality was calculated as percentages and average of the mortality was 
calculated as per formula given below.  
Average mortality = Total mortality / Total no. of replication 
 
4.1.3 Test for fumigant effect of commercially used insecticide on adult mosquitoes 
 
This test was conducted in a rectangular cage made up of metallic net with 1 millimeter 
mesh size, measuring 4X15X20 centimeters. Commercially available Insecticide spray 
solution containing cyfluthrin 0.025% and transfluthrin 0.04% was selected for the test.  
       
Procedure 
•    Twenty five blood fed mosquitoes belonging to the selected species were 
introduced into the cage (exposure cages). One cage was prepared as control. 10% 
glucose solution on cotton wool was provided to the mosquitoes during each stage 
of the experiment.   
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•    Exposure cages were arranged in a room of 10X10feet in size treated with 
insecticide.  Two cages were hanged at two levels with 50 cm distance from the 
wall, ceiling and floor. Another cage was hanged in the middle of the room as 
shown in the diagram below.  
•    Cages were kept for 4 hours as exposure period. At the end of exposure period 
first reading was taken and than mosquitoes were transferred to clean cages and 
kept for 24 hours before taking second reading. Four replications of this 
experiment were done. 
 
Position of the cages in room  
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4.2 Results 
 
4.2.1 Larvicidal effect 
Following results were recorded after exposing selected larval mosquito species viz. An. 
stephensi, Cx. quinquefasciatus and Ae. aegypti to different concentrations of Abate 
(Temephos 50% EC) and Baytex 1000 (Fenthion 82.5% EC) larvicides. 
Abate (Temephos 50% EC) 
• First reading (1 hour) 
Larvae of An. stephensi (Table. 4.1) recorded average susceptibility at 200mg/litre (98% 
mortality) concentration, average tolerance at 100 mg/litre (85% mortality) concentration 
and average resistance from 50mg/litre (80% mortality) to 0.01mg/litre (60% mortality) 
concentrations. Lc50 and Lc98 values were 0.009 mg/litre and 200mg/litre respectively. 
 
Cx. quinquefasciatus larvae (Table. 4.1) were not found susceptible to any of the doses. 
This species recorded average tolerance from 200mg/litre (90% mortality) to 50mg/litre 
(83% mortality) concentrations and average resistance from 10mg/litre (75% mortality) 
to 0.01mg/litre (50% mortality) concentrations. Lc50 and Lc98 values were 0.010 mg/litre 
and >200mg/litre respectively.  
 
Ae. aegypti larvae (Table. 4.1) were also not found susceptible to any given doses. Larvae 
of this species recorded average tolerance from 200mg/litre (90% mortality) to 
100mg/litre (85% mortality) concentrations and average resistance from 50mg/litre (80% 
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mortality) to 0.01mg/litre (48% mortality) concentrations. Lc50 and Lc98 values were 
0.019 mg/litre and >200mg/litre respectively. 
 
• Second reading (5th hour) 
Larvae of An. stephensi (Table. 4.1) recorded average susceptibility from 200mg/litre 
(100% mortality) to 50mg/litre (100% mortality) concentrations, average tolerance at 
10mg/litre (90% mortality) and 1mg/litre (85% mortality) concentrations and average 
resistance from 0.1mg/litre (80% mortality) to 0.01mg/litre (68% mortality) 
concentrations. Lc50 and Lc98 values were 0.008 mg/litre and 48mg/litre respectively.  
 
Cx. quinquefasciatus larvae (Table. 4.1) recorded average susceptibility from 200mg/litre 
(100% mortality) to 50mg/litre (100% mortality) concentrations, average tolerance at 
10mg/litre (90% mortality) and 1mg/litre (85% mortality) concentrations and average 
resistance from 0.1mg/litre (72% mortality) to 0.01mg/litre (65% mortality) 
concentrations. Lc50 and Lc98 values were 0.005 mg/litre and 44mg/litre respectively.  
 
Ae. aegypti larvae (Table. 4.1) recorded average susceptibility at 200mg/litre (100% 
mortality) concentration, average tolerance from 100mg/litre (95% mortality) to 1mg/litre 
(83% mortality) concentrations and average resistance from 0.1mg/litre (80% mortality) 
to 0.01mg/litre (60% mortality) concentrations. Lc50 and Lc98 values were 0.007mg/litre 
and 68mg/litre respectively. 
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• Third reading (24th hour) 
Larvae of An. stephensi (Table. 4.1) recorded average susceptibility from 200mg/litre 
(100% mortality) to 1mg/litre (98% mortality) concentrations, average tolerance from 
0.1mg/litre (93% mortality) to 0.01mg/litre (83% mortality) concentrations and average 
resistance was not recorded. Lc50 and Lc98 values were 0.007 mg/litre and 1mg/litre 
respectively.  
 
Cx. quinquefasciatus larvae (Table. 4.1) recorded average susceptibility from 200mg/litre 
(100% mortality) to 1mg/litre (98% mortality) concentrations, average tolerance at 
0.1mg/litre (85% mortality) concentration and average resistance at 0.04mg/litre (80% 
mortality) and 0.01mg/litre (78% mortality) concentrations. Lc50 and Lc98 values were 
0.004 mg/litre and 1mg/litre respectively.  
 
Ae. aegypti larvae (Table. 4.1) recorded average susceptibility from 200mg/litre (100% 
mortality) to 10mg/litre (100% mortality) concentrations, average tolerance at 1mg/litre 
(95% mortality) and 0.1mg/litre (90% mortality) concentrations and average resistance at 
0.1mg/litre (80% mortality) and 0.01mg/litre (78% mortality) concentrations. Lc50 and 
Lc98 values were 0.004 mg/litre and 6mg/litre respectively. 
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Baytex 1000 (Fenthion 82.5% EC) 
• First reading (1 hour) 
Larvae of An. stephensi (Table. 4.2) were not found susceptible to any of the given dose. 
This species recorded average tolerance from 200 mg/litre (95% mortality) to 50mg/litre 
(83% mortality) concentrations and average resistance from 10mg/litre (65% mortality) 
to 0.01mg/litre (43% mortality) concentrations. Lc50 and Lc98 values were 0.001 mg/litre 
and >200mg/litre respectively.  
 
Cx. quinquefasciatus larvae (Table. 4.2) were not found susceptible to any of the given 
dose. This species recorded average tolerance at 200mg/litre (90% mortality) and 
100mg/litre (83% mortality) concentrations and average resistance from 50mg/litre (78% 
mortality) to 0.01mg/litre (45% mortality) concentrations. Lc50 and Lc98 values were 
0.085 mg/litre and >200mg/litre respectively.  
 
Ae. aegypti larvae (Table. 4.2) were also not found susceptible to any given doses. 
Recorded average tolerance was at 200mg/litre (85% mortality) and 100mg/litre (83% 
mortality) concentrations and average resistance from 50mg/litre (73% mortality) to 
0.01mg/litre (45% mortality) concentrations. Lc50 and Lc98 values were 0.072 mg/litre 
and >200mg/litre respectively. 
 
 
 
 
 
 
112
• Second reading (5th hour) 
Larvae of An. stephensi (Table. 4.2) recorded average susceptibility from 200mg/litre 
(100% mortality) to 50mg/litre (98% mortality) concentrations, average tolerance was at 
10mg/litre (88% mortality) concentrations and average resistance was recorded from 
1mg/litre (75% mortality) to 0.01mg/litre (60% mortality) concentrations. Lc50 and Lc98 
values were 0.007 mg/litre and 50mg/litre respectively.  
 
Cx. quinquefasciatus larvae (Table. 4.2) recorded average susceptibility at 200mg/litre 
(100% mortality) and 100mg/litre (98% mortality) concentrations, average tolerance was 
at 50mg/litre (95% mortality) and 10mg/litre (88% mortality) concentrations and average 
resistance was from 1mg/litre (80% mortality) to 0.01mg/litre (58% mortality) 
concentrations. Lc50 and Lc98 values were 0.007 mg/litre and 100mg/litre respectively.  
 
Ae. aegypti larvae (Table. 4.2) recorded average susceptibility at 200mg/litre (100% 
mortality) and 100mg/litre (98% mortality) concentrations, average tolerance was at 
50mg/litre (85% mortality) and 10mg/litre (83% mortality) concentrations and average 
resistance from 1mg/litre (78% mortality) to 0.01mg/litre (63% mortality) concentrations. 
Lc50 and Lc98 values were 0.006 mg/litre and 100mg/litre respectively. 
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• Third reading (24th hour) 
Larvae of An. stephensi (Table. 4.2) recorded average susceptibility from 200mg/litre 
(100% mortality) to 10mg/litre (100% mortality) concentrations, average tolerance at 
1mg/litre (95% mortality) and 0.1mg/litre (83% mortality) concentrations and average 
resistance was at 0.06mg/litre (80% mortality) and 0.01mg/litre (79% mortality) 
concentrations. Lc50 and Lc98 values were 0.004 mg/litre and 5mg/litre respectively.  
 
Cx. quinquefasciatus larvae (Table. 4.2) recorded average susceptibility from 200mg/litre 
(100% mortality) to 10mg/litre (100% mortality) concentrations, average tolerance at 
1mg/litre (95% mortality) and 0.1mg/litre (85% mortality) concentrations, average 
resistance at 0.06mg/litre (78% mortality) and 0.01mg/litre (75% mortality) 
concentrations. Lc50 and Lc98 values were 0.004 mg/litre and 5mg/litre respectively.  
 
Ae. aegypti larvae (Table. 4.2) recorded average susceptibility from 200mg/litre (100% 
mortality) to 10mg/litre (98% mortality) concentrations, average tolerance at 1mg/litre 
(93% mortality) and 0.1mg/litre (87% mortality) concentrations and average resistance at 
0.06mg/litre (77% mortality) and 0.01mg/litre (76% mortality) concentrations. Lc50 and 
Lc98 values were 0.004 mg/litre and 10mg/litre respectively. 
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4.2.2 Adult Bioassay test 
Following results were obtained after exposing adult mosquitoes of An. stephensi, Cx. 
quinquefasciatus and Ae. aegypti to selected deltamethrin0.05% and malathion5% 
insecticides.  
 
• First reading (1 hour) 
An.  stephensi (Table. 4.3) recorded average resistance to both above mentioned 
insecticides with 80 and 38 percent mortality respectively. Cx.  quinquefasciatus also 
recorded average resistance to both above mentioned insecticides with 67 and 19 percent 
mortality respectively, where as Ae.  aegypti recorded average tolerance to 
deltamethrin0.05% (97% mortality) and average resistance to malathion5% (42% 
mortality). Mortality was not recorded in control set. 
 
• Second reading (24th hour) 
An. stephensi (Table. 4.4) recorded average susceptibility to deltamethrin0.05% (99% 
mortality) and average resistance to malathion5% (61% mortality), Cx. quinquefasciatus 
recorded average tolerance to deltamethrin0.05% (95% mortality) and average resistance 
to malathion5% (33% mortality) and Ae. aegypti recorded average susceptibility to 
deltamethrin0.05% (100% mortality) and average resistance to malathion5% (61% 
mortality). Mortality was not recorded in control set. 
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4.2.3 Effectiveness of commercially used insecticide 
Caged An. stephensi, Cx. quinquefasciatus and Ae. aegypti when exposed to area treated 
with insecticide containing (cyfluthrin 0.025%, transfluthrin 0.04%), following results 
were recorded. Any of the above mentioned mosquito species were not found susceptible 
to the selected insecticide (Table. 4.5). Four hours after exposure (Table. 4.5) average 
resistance of Cx. quinquefasciatus was maximum (53, 60 and 63% mortality in cages I, II 
and III respectively) in comparison to An. stephensi (63, 66 and 73% mortality in cages I, 
II and III respectively) and Ae. aegypti (63, 67 and 65% mortality in cages I, II and III). 
Mortality was not recorded in control. 
  
Twenty four hours after exposure (Table. 4.5), Cx. quinquefasciatus recorded maximum 
average resistance (76, 77 and 77% mortality in cages I, II and III) in comparison to that 
An. stephensi recorded average resistance in cage number I and II (80% mortality in 
each) and average tolerance in cage number III (86% mortality) and Ae. aegypti recorded 
average resistance in cage number I (80% mortality) and average tolerance in cage 
number II and III (87 and 83% mortality respectively). Mortality was not recorded in 
control. 
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4.3 Discussion 
 
Insecticide resistance among mosquito species is well-known problem hampering the 
sustainable and cost effective vector control (Ansari et al., 2004). The study 
demonstrated effectiveness of selected larvicides and insecticides at different doses and 
also demonstrated different levels of susceptibility, tolerance and resistance of larval and 
adult An. stephensi, Cx. quinquefasciatus and Ae. aegypti mosquitoes.  
 
Expected results matching with optimum affectivity at lower concentration of larvicides, 
obtained at 24 hours after treatment. Thus high dosage is required to kill maximum larvae 
in shorter period of time, which will be hazardous to the environment and other 
organisms sustaining in habitat. An. stephensi, Cx. quinquefasciatus and Ae. aegypti 
larvae, in the study area are becoming resistant to larvicides, as they were found resistant 
to the dosage level recommended by larvicide producers for the field application of Abate 
(Temephos 50% EC) and Baytex 1000 (Fenthion 82.5% EC) (Table. 4.1 and 4.2). Going 
through the results reveled that Abate (Temephos 50% EC) is more effective than Baytex 
1000 (Fenthion 82.5% EC). Thus usage of Abate (Temephos 50% EC) is recommended.   
         
Insecticides are mainly used by fuming during field application in Rajkot city. Field 
collected An. stephensi, Cx. quinquefasciatus and Ae. aegypti were exposed to 
deltmethrin0.05% and malathion5% insecticides. Results have demonstrated that 
deltmethrin0.05% is more effective than malathion5% (Table. 4.3 and 4.4). The 
sensitivity of An. stephensi and Ae. aegypti against selected insecticides is more than Cx. 
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quinquefasciatus. Studies on the resting habitat of An. stephensi and Ae. aegypti have 
shown that these species are found more inside houses, where as Cx. quinquefasciatus 
were found resting inside houses as well as in cattle sheds in open environment (Table. 
3.2). Thus it can be stat that the exposure of Cx. quinquefasciatus to insecticide residues 
is more which helping this mosquito species in developing resistance.  
 
Commercially available insecticide which gives fumigant effect containing cyfluthrin 
0.025%, transfluthrin 0.04% gave poor results. As all the selected mosquito species viz. 
An. stephensi, Cx. quinquefasciatus and Ae. aegypti shown considerable resistance. Cx. 
quinquefasciatus was found resistant in comparison to An. stephensi and Ae. aegypti.  
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Table. 4.1: Average effect of Abate (Temephos 50% EC) larvicide on selected larval mosquito species.  
 
 
 
An. stephensi Cx. quinquefasciatus Ae. aegypti 
Average mortality (%) Average mortality (%) Average mortality (%) Concentration (mg/l) 
1h 5hrs 24hrs 1h 5hrs 24hrs 1h 5hrs 24hrs 
Control 0 0 0 0 0 0 0 0 0 0 
200 98 S 100 S 100 S 90 T 100 S 100 S 90 T 100 S 100 S  
100 85 T 100 S 100 S 85 T 100 S 100 S 85 T 95 T 100 S 
50 80 R 100 S 100 S 83 T 100 S 100 S 80 R 93 T 100 S 
10 73 R 90 T 100 S 75 R 90 T 100 S 78 R 87 T 100 S 
1 68 R 85 T 98 S 70 R 85 T 98 S 73 R 83 T 95 T 
0.1 66 R 80 R 93 T 58 R 72 R 85 T 68 R 80 R 90 T 
0.04* 65 R 73 R 90 T 57 R 68 R 80 R 50 R 68 R 80 R 
0.01 60 R 68 R 83 T 50 R 65 R 78 R 48 R 60 R 78 R 
Lc50 0.009mg/l 0.008 mg/l 0.007 mg/l 0.010 mg/l 0.005 mg/l 0.004 mg/l 0.019 mg/l 0.007 mg/l 0.004 mg/l 
Lc98 200 mg/l 48 mg/l 1 mg/l >200 mg/l 44 mg/l 1 mg/l >200 mg/l 68 mg/l 6 mg/l 
 * - Dosage level recommended by larvicide producers 
S=Susceptible, T=Tolerant, R=Resistant   
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Table. 4.2: Average effect of Baytex 1000 (Fenthion 82.5% EC) on selected larval mosquito species. 
 
 
 
An. stephensi Cx. quinquefasciatus Ae. aegypti 
Average mortality (%) Average mortality (%) Average mortality (%) Concentration (mg/l) 
1h 5hrs 24hrs 1h 5hrs 24hrs 1h 5hrs 24hrs 
Control 0 0 0 0 0 0 0 0 0 0
200 95 T 100 S 100 S 90 T 100 S 100 S 85 T 100 S 100 S
100 85 T 100 S 100 S 83 T 98 S 100 S 83 T 98 S 100 S
50 83 T 98 S 100 S 78 R 95 T 100 S 73 R 85 T 100 S
10 65 R 88 T 100 S 68 R 88 T 100 S 70 R 83 T 98 S
1 55 R 75 R 95 T 67 R 80 R 95 T 63 R 78 R 93 T
0.1 50 R 66 R 83 T 53 R 68 R 85 T 57 R 70 R 87 T
0.06* 47 R 63 R 80 R 49 R 63 R 78 R 48 R 65 R 77 R
0.01 43 R 60 R 79 R 45 R 58 R 75 R 45 R 63 R 76 R
Lc50 0.01 mg/l 0.007 mg/l 0.004 mg/l 0.085 mg/l 0.007 mg/l 0.004 mg/l 0.072 mg/l 0.006 mg/l 0.004 mg/l 
Lc98 >200 mg/l 50 mg/l 5 mg/l >200 mg/l 100 mg/l 5 mg/l >200 mg/l 100 mg/l 10 mg/l 
 * - Dosage level recommended by larvicide producers 
S=Susceptible, T=Tolerant, R=Resistant   
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Table. 4.3: Average effect of selected insecticides on adults of vector mosquito species. 
deltmethrin0.05% malathion5% Control Mosquito species 
1 hr mortality (%) 1 hr mortality (%) 1 hr mortality (%) 
An. stephensi 80   R 38   R 0 
Cx. quinquefasciatus 67   R 19   R 0 
Ae. aegypti 97   T 42   R 0 
                                           S=Susceptible, T=Tolerant, R=Resistant   
 
 
 
Table. 4.4: Average effect of selected insecticides on adults of vector mosquito species. 
deltamethrin0.05% malathion5% Control Mosquito species 
24 hrs mortality (%) 24 hrs mortality (%) 24 hrs mortality (%) 
An. stephensi 99    S 61   R 0 
Cx. quinquefasciatus 95    T 33   R 0 
Ae. aegypti 100  S 61   R 0 
                                         S=Susceptible, T=Tolerant, R=Resistant 
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Table. 4.5: Average effect of commercially used insecticide containing (cyfluthrin 0.025%, transfluthrin 0.04%) on adults of selected 
mosquito species. 
An. stephensi Cx. quinquefasciatus Ae. Aegypti 
Average mortality(%) Average mortality(%) Average mortality(%) 
 
Cage 
No. 4 hrs 24 hrs 4 hrs 24 hrs 4 hrs 24 hrs 
I 63 R 80 R 53 R 76 R 63 R 80 R
II 66 R 80 R 60 R 77 R 67 R 87 T
III 73 R 86 T 63 R 77 R 65 R 83 T
Control 0 0 0 0 0 0
                                S=Susceptible, T=Tolerant, R=Resistant 
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CHAPTER – V 
CITIZEN AWARENESS 
 
The study was carried out from 5th August 2006 to 11th March 2007 in Rajkot city area. 
Following study was conducted by keeping two goals in center were to estimate the 
awareness about mosquitoes and mosquito borne diseases and health consciousness 
among Rajkot population and hospitalized malaria patients.  
 
5.1. Material and methods 
5.1.1 General awareness survey 
A questionnaire (appendix. 1) was prepared including questions regarding general 
information related to disease and disease vector and health seeking behavior. Study area 
was divided into four zones and 500 residential houses were randomly selected from each 
zone for the survey. One person per house surveyed was interviewed and requested to fill 
up the questionnaire. Collected data are presented as percentage.  
 
5.1.2 Hospitalized patients’ survey 
The malaria patients admitted were interviewed in some Government and Private 
Hospitals (Table. 5.1). From selected hospitals were approached for the malaria patients 
every week during the study. Total 120 malaria patients were interviewed with the help 
of a questionnaire (Appendix. 2).  
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5.2 Results 
 
5.2.1 General awareness survey 
Total 2000 houses (Table. 5.2) were interviewed including 1162 (58.10%) males and 
838(41.90%) females. Among respondents 4.75 % were under age of 15 years, 67.35% 
were between age group of 15-45 years, 19.2% respondents were in the age group of 46-
60 years and 8.7% respondents were more than 60 years of age. 
 
Knowledge about malaria transmission: 75.25% respondents’ knew, that it is by 
‘mosquito bite’, in which 62.99% were males and 37.01% were females. Among the 
misinformed persons 0.30% respondents answered ‘flies’, in which 83.33% were males 
and 16.67% were females. 0.55% respondents answered ‘by drinking dirty water’, in 
which 63.64% were males and 36.36% females. 1.10% respondents answered 
‘contaminated food’, in which 59.10% were males and 40.90% were females. 22.8% 
respondents had ‘no idea’, in which 41.44% were males and 58.56% were females. 
 
Knowledge about malaria vector: Only 3.1% respondents knew that malaria vector is 
‘female Anopheles’, in which 70.96% were males and 29.04% were females. 55.6% 
respondents answered mosquito in which 61.97% were males and 38.03% females. 6.6% 
respondents answered Anopheles, in which 65.15% were males and 34.85% were 
females. 0.9% respondents answered ‘male Anopheles’, in which 83.33% were males and 
16.67% were females. 01% respondents answered ‘male Culex’ in which 100% were 
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males. 0.05% respondents answered ‘Aedes mosquito’, in which 100% were males. 
23.65% respondents had no idea, in which 42.49% were males and 57.51% were females. 
 
Knowledge about malaria vector breeding: 37.64% (66.17% males and 33.33% 
females) of respondents answered ‘water collection’. 38.29% (57.89% males and 42.11% 
females) respondents answered ‘Garbage’. 6.16% (70.14% males, 29.86% females) 
respondents answered ‘Dirty water’. 2.69% (65.15% males, 34.85% females) answered 
‘clean water’. 11.75% (42.36% males, 57.64% females) respondents answered ‘dirty 
flowing water’. 0.65% (93.75% males and 5.25% females) respondents answered ‘clean 
flowing water’. 0.97% (100% males) respondents answered ‘river’. 2.45% (60% males 
and 40% females) respondents had no idea. 
 
Health seeking behavior: Majority, 51.55% people preferred ‘private clinic’ for malaria 
treatment, in which 59.94% were males and 40.06% were females. 41.85% (57.11% 
males and 42.89% females) respondents preferred ‘home remedy’. 0.15% (100% 
females) respondents preferred ‘witch doctor’. 2.35% (44.69% males, 55.31% females) 
respondents did nothing when infected with malaria. 
 
Methods adopted for prevention from mosquito bite: 57.74% (62.35% males and 
37.65% females) of respondents answered ‘nets’. 13.74% (62.03% males and 37.97% 
females) respondents answered ‘mosquito repellents’ (mat, coils). 2.78% respondents 
answered ‘insecticides’. 12.43% respondents (54.27% males, 45.73% females) answered 
‘to sleep under ceiling fan’. 0.98% respondents (82.61% males and 17.39% females) 
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answered ‘covering of full bodies with cloths’. 7.72% (74.73% males and 25.27% 
females) answered ‘other methods’ like fumigation, repellent creams etc. 4.08% (14.58% 
males and 85.42% females) respondents had no idea. 
 
Consideration of malaria: 25.75% (58.06% males and 41.94% females) respondents 
believe that malaria is ‘ordinary disease’. 24.55% (58.98% males and 41.02% females) 
respondents believe that malaria is ‘serious disease - if not treated in time’. 32.05% 
(55.85% males, 44.15% females) respondents believe that malaria is ‘serious disease’. 
14.65% (61.43% males and 38.57% females) respondents had no idea about the 
seriousness of malaria. 
 
Knowledge about malaria parasite: 2.9% (63.79% males and 36.21% females) 
respondents answered ‘bacteria’. Only 2.9% (77.59% males and 22.41% females) 
respondents knew that malaria parasite belong to ‘protozoa’. 2.35% (68.08% males and 
31.92% females) respondents answered ‘virus’. 0.3% (100% males) respondents 
answered ‘Amoeba’. 91.55% (56.91% males and 43.09% females) respondents had no 
idea. 
 
View and attitude about malaria control: 9.65% (62.12% males and 37.88% females) 
respondents answered that ‘malaria control should be carried out by government agency’. 
.55 % (57.89% males and 42.11% females) respondents answered that it should be 
carried out by ‘private agencies’. 2.15% (74.42% males and 25.58% females) 
respondents answered it ‘should be carried out by public’. 79.85% (59.05% males and 
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40.95% females) respondents answered that it ‘should be carried out by government 
agencies + public participation’. 5.50 % (30.90% males and 69.10% females) had no 
idea. 
 
Knowledge about commonly available medicines: 2.8% (76.78% males and 23.22% 
females) respondents answered ‘chloroquine’. 4.0% (69.75% males and 31.25% females) 
respondents answered ‘quinine’. 0.6% (75.0% males and 25.0% females) respondents 
answered ‘metacin’. 0.2% (75% males and 25% females) answered ‘combiflam’. 0.45% 
(55.55% males and 44.44% females) respondents answered ‘other medicines’. 91.95% 
(56.93% males, 43.07% females) respondents had ‘no idea’ about medicines. 
 
Knowledge about commonly used insecticides: 46.5% (55.93% males and 44.07% 
females) respondents answered ‘DDT’. 1.8% (63.89% males and 36.11% females) 
respondent answered ‘Finit’. 15.95% (57.82% males and 42.18% females) respondents 
answered ‘phenyl’. 6% (52.5% males and 37.5% females) respondents used ‘other 
insecticides’. 9.55% (65.49% males and 34.51% females) respondents had ‘no idea’ 
about insecticide. 
 
Response towards media approach for awareness about mosquito and mosquito 
borne diseases: 53.95% (62.20 males and 37.80% females) respondents watch mosquito 
related add in television. 13.95% (71.60% males and 28.40% females) respondents hear 
mosquito related add in Radio. 1.46% (79.06% males and 20.94% females) respondents 
read mosquito related add (information) in handbills. 2.57% (67.10% males and 32.90% 
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females) respondents in hoardings. 24.5% (71.22% males and 28.78% females) 
respondents read mosquito related add in News paper. 0.44% (23.08% males and 76.92% 
females) respondents had no idea. 
 
5.2.2 Awareness among hospitalized malaria patients 
 
Total 120 malaria patients were interviewed (Table. 5.3) included 72(60%) males and 
48(40%) females. Overall 62.50% patients were in age group of 15 -45 years. Under 15 
years were 11.66% and >46 age were 25.84%. 70% patients suffered from fever for four 
or more days. When asked about the initial steps taken in case of fever, all the patients 
went to a medical practitioner. 
 
Knowledge about symptoms of malaria: 14.16% patients described two symptoms of 
malaria (fever + chills), in which 76.48% were males and 23.52% were females. 30% of 
patients who could enumerate 3 symptoms (fever + chills + body ache), included 66.66% 
were males and 33.34% were females. 15.84% of patients have depicted four symptoms 
of malaria (fever + chills + body ache + headache), in which 57.89% were males and 
42.11% were females. 14.16 % of patients has enumerated all above symptoms + 
vomiting, in which 29.41% were males and 70.59% were females. 25.84% of patients had 
no idea about symptoms of malaria, in which 61.29% were males and 38.71% were 
females. 
Knowledge about malaria transmission: 38.33% patients knew that it is by mosquito bite, 
in which 73.91e males and 26.09% were females. 1% of patients answered by flies, in 
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which 100% were male. 60.84% of patients had no idea, in which 52.05% were males 
and 47.95% were females. 
 
Knowledge about breeding places of mosquitoes: 21.95 %( 74.07% males and 25.93% 
females) of patients answered water collection. 60.26 %( 66.21% males and 33.79% 
females) of patients answered garbage. 9.66 %( 66.66% males and 33.34% females) of 
patients answered water collection + garbage. 8.13 %( 20% males and 80% females) of 
patients had no idea. 
 
Knowledge about diseases transmitted by mosquitoes: 8.39% of patients answered 
dengue, in which 66.67% were males and 33.33% were females. 15.38% of patients 
answered malaria, in which 68.18% were males and 31.82% were females. 1.40% of 
patients answered filaria, in which 50% were males and 50% were females. 7.69% of 
patients answered chikungunya, in which 45.45% were males and 54.55% were females. 
67.14% of patients had no idea, in which 64.58% were males and 35.42% were females. 
 
Knowledge about preventive measures: 30.16% of patients have answered nets, in 
which 68.42% were males and 31.58% were females. 30.16% of patients have answered 
nets and fans, in which 57.89% were males and 42.11%, were females. 1.59% of patients 
have answered proper clothing, in which 50% were males and 50% were females. 22.22 
% of patients have answered other methods like fumigation, repellants, creams in which 
82.14% were males and 17.86% were females. 15.87% of patients had no idea, in which 
30% were males and 70% were females. 
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Knowledge about self protection:  16.16% of patients used mats, in which 66.67% were 
males and 33.33% were females. 35.38% of patients used coils, in which 65.22% were 
males and 34.78% were females. 7.69% of patients used bed nets, in which 40% were 
males and 60% were females. 9.23 % of patients used fans, in which 25% were males and 
75% were females. 23.85% of patients used other methods, in which 80.64% were males 
and 19.36% were females. 7.69% patients had no idea, in which 100% were females. 
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5.3 Discussion 
 
5.3.1 General public awareness 
Analysis of the data showed low to moderate awareness level among the respondents. 
This is showing high level of lacking in proper knowledge regarding mosquito and 
mosquito borne diseases. Similar observations were recorded by (Collins et al., 2006) 
Illiteracy level was high among respondents, which leads to lack of awareness. 
Considering health seeking behavior, private clinics were found to be the most common 
source. Some preferred self treatment. Majority of the respondents were found to have 
knowledge that malaria is a mosquito borne disease but they had misconception about 
malaria vector and its breeding sites. The findings on knowledge and awareness suggest 
that the increased risk posed to human by malaria is almost universally recognized 
(Rohida et al., 2004). Awareness regarding malaria vector and breeding preferences 
should be created to control the vector breeding. Majority of respondents had no idea 
about malaria parasite and commonly available medicines in the market. High usage of 
mosquito net and commercially available mosquito repellents (mats, coils) was observed. 
Use of personal or household protection methods are indicators of socio-economic status 
which in itself has been reported as an important factor associated with malaria, because 
low or moderate income reduce the facilities in house for protection against mosquito. 
DDT or BHC is commonly used as insecticides among the insecticides available in the 
market. While estimating the impact of media in generating awareness it was observed 
that television, radio and newspaper are the most potential media as most of the 
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respondents had seen information about malaria and mosquito in said media. Thus, it is 
suggestive that these medias should be utilized to generate mass awareness. 
5.3.2 Awareness among malaria patients 
While studying awareness aspects among patients of malaria, all possible economical and 
social aspects were covered. It was found that this disease is prevalent among 15-45 years 
of age group and it was also recorded that majority of the patients were males. While 
asking the patients it was recorded that women routinely wear full body clothes and it is 
not frequently observed in males during sleeping hours. Thus the reason for the clothing 
of male and female looks simple but is very important. Most of the patients were found 
illiterate or had primary level of schooling, which leads to unawareness about general 
aspects of malaria and its vector. Illiteracy results in to lack of awareness, which again 
results in to carelessness and causes suffering of the people with diseases like malaria. It 
was also observed that females are more unaware than male patients. Poor economical 
condition was also found one of the major factors because it was found effecting 
education and facilities in the house. In Rajkot population it has been seen that malaria 
fever and chills are most common symptoms follows body ache, headache and in some 
cases vomiting. Only about 40% people are aware that the disease is spread by mosquito 
bite. That only about 25% correctly knew about breeding of mosquito. Unfortunately 
most of the people used some singular preventives measures instead of combination 
(Mishra, 2003). Thus, these all factors discussed above were found most important from 
the present study. Knowledge about malaria and its vector is very poor in patients and 
common people. Communication and personal interaction activities should be carried out 
to create awareness and about serious aspects of malaria among people. 
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Table. 5.1: Details of the hospitals visited at Rajkot. 
                                                                                                     
Hospital Managed by Location 
Civil Government Hospital Chowk 
Walkheart Trust Kalawad Road 
H.J. Doshi Trust Gondal Road 
Dasha Shrimali Trust Kothariya Naka 
Jainath Private Nr. Geeta Mandir 
Dhakan Private Kuvadava Road 
Samarpan Prlivate Bhutkhana Chowk 
 
 
Table. 5.2: Profile of interviewed persons (n=2000). 
          (percentage in parenthesis) 
 
Age Male Female Total 
<15 56(58.95) 39(41.05) 95(4.75)
15 – 45 785(58.28) 562(41.72) 1347(67.35)
46 – 60 208(54.17) 176(45.83) 384(19.2)
>60 113(64.93) 61(35.06) 174(8.7)
Sex 1162(58.10) 838(41.90) 2000(100)
Caste 
Hindu- 1989
Muslim- 105
Christian - 6
Education of respondents 
Illiterate 168(52.5) 152(47.5 320(16.0)
Primary school 284(53.69) 245(46.31) 529(25.45)
Higher secondary 507(66.53) 255(33.47) 762(38.1)
Graduate & above 203(52.18) 186(47.82) 389(19.45)
Income 
<1000 211(62.06) 129(37.94) 340(17.0)
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1000 – 5000 293(51.04) 281(48.96) 574(28.7)
5000 - 10,000 440(58.44) 313(41.56) 753(37.65)
10,000 – 15,000 147(70.00) 63(30.00) 210(10.5)
>15,000 71(57.72) 52(42.28) 123(5.15)
Malaria is transmitted by 
Mosquito bite 948(62.99) 557(37.01) 1505(75.25)
Housefly bite 5(83.33) 1(16.67) 6(0.30)
Drinking of dirty water 7(63.64) 4(36.36) 11(0.55)
Contaminated food 13(59.10) 9(40.90) 22(1.10)
Due to sins 0(0.00) 0(0.00) 0(0.00)
No idea 189(41.44) 267(58.56) 456(32.8)
Others 0(0.00) 0(0.00) 0(0.00)
Name of malaria vector 
Mosquito 813(61.97) 499(38.03) 1312(55.6)
Anopheles 86(65.15) 46(34.85) 132(6.6)
Female Anopheles 44(70.96) 18(29.04) 62(3.1)
Male Anopheles 15(83.33) 3(16.67) 18(0.9)
Male Culex 2(100) 0(0.00) 2(0.1)
Aedes mosquito 1(100) 0(0.00) 1(0.05)
No idea 201(42.43) 272(57.51) 473(23.65)
Others 0(0.00) 0(0.00) 0(0.00)
Malaria vector breeds in 
Water 610(66.17) 312(33.83) 922(37.64)
Garbage 543(57.89) 395(42.11) 938(38.29)
Dirty  water 106(70.14) 45(29.86) 151(6.16)
Clean  water 43(65.15) 23(34.85) 66(2.69)
Dirty flowing water(Drainage) 122(42.36) 166(57.64) 288(11.75)
Clean flowing water 15(93.75) 1(5.25) 16(0.65)
River 9(100) 0(0.00) 9(0.37)
No idea 36(60.00) 24(40.00) 60(2.45)
Others 0(0.00) 0(0.00) 0(0.00)
When infected with malaria you consulted to 
Govt. hospital doctors 478(57.11) 359(42.89) 837(41.85)
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Private clinics 618(59.94) 413(40.06) 1031(51.55)
Home remedy 45(54.88) 37(45.12) 82(4.10)
Witch doctor 0(0.00) 3(100) 3(0.15)
Did nothing 21(44.69) 26(55.31) 47(2.35)
Others 0(0.00) 0(0.00) 0(0.00)
What type of methods you used in your house to prevent your self from mosquito biting 
Mosquito net 805(62.35) 486(37.65) 1291(54.74)
Mat, coils 201(62.03) 123(37.97) 324(13.74)
Insecticides` 28(57.15) 21(42.85) 49(2.78)
Fan 159(54.27) 134(45.73) 293(12.43)
Covering of full bodies with cloths 19(82.61) 4(17.39) 23(0.98)
Others 136(74.73) 46(25.27) 182(7.72)
No idea 14(14.58) 82(85.42) 96(4.08)
According to you malaria is an 
Ordinary disease 299(58.06) 216(41.94) 515(25.75)
Serious disease - if not treated in time 325(58.98) 226(41.02) 551(27.55)
A serious disease 358(55.85) 283(44.15) 641(32.05)
No idea 180(61.43) 113(38.57) 293(14.65)
Others 0(0.00) 0(0.00) 0(0.00)
Malaria parasite belongs to 
Bacteria 37(63.79) 21(36.21) 58(2.9)
Protozoa (plasmodium) 45(77.59) 13(22.41) 58(2.9)
Virus 32(68.08) 15(31.92) 47(2.35)
Amoeba 6(100.0) 0(0.00) 6(0.3)
No idea 1042(56.91) 789(43.09) 1831(91.55)
Others 0(0.00) 0(0.00) 0(0.00)
According to you malaria control should be carried out by 
Govt. agencies only 120(62.12) 73(37.88) 193(9.65)
Private agencies 33(57.89) 24(42.11) 57(2.85)
Public 32(74.42) 11(25.58) 43(2.15)
Govt. + Public operation 943(59.05) 654(40.95) 1597(79.85)
No idea 34(30.90) 76(69.10) 110(5.50)
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Others 0(0.00) 0(0.00) 0(0.00)
Name of the some commonest medicines you know 
Chloroquine 43(76.78) 13(23.22) 56(2.8)
Quinine 55(69.75) 25(31.25) 80(4.0)
Metacin 9(75.00) 3(25.00) 12(0.6)
Combiflam 3(75.00) 1(25.00) 4(0.2)
Other medicines 5(55.56) 4(44.44) 9(0.45)
No idea 1047(56.93) 792(43.07) 1839(91.95)
Name of some commonly used insecticides 
DDT 520(55.93) 410(44.07) 930(46.5)
Finit 23(63.89) 13(36.11) 36(1.8)
Baygon 196(57.82) 143(42.18) 339(15.95)
Phenyl 236(58.42) 168(41.58) 404(20.2)
Others 75(52.5) 45(37.5) 120(6.00)
No idea 112(65.49) 59(34.51) 171(9.55)
Source of information 
Television 991(62.20) 602(37.80) 1592(53.95)
Radio 295(71.60) 117(28.40) 412(13.95)
Handbills 34(79.06) 9(20.94) 43(1.46)
Hoardings 51(67.10) 25(32.90) 76(2.57)
News paper 510(71.22) 206(28.78) 716(24.25)
Others 3(23.08) 10(76.92) 13(0.44)
No idea 0(0.00) 0(0.00) 0(0.00)
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Table. 5.3: Profile of the interviewed patients (n=120). 
(Percentage in parenthesis) 
  Male Female Total 
Age 
<15 11(78.57) 3(21.43) 14(14.67)
15-45 44(58.67) 31(41.33) 75(52.50)
46-60 8(40.00) 12(60.00) 20(16.67)
>60 9(81.82) 2(18.18) 11(9.17)
SEX 72(60.00) 48(40.00) 120
Caste Hindu -112 Muslim - 8 
Education of respondents 
Illiterate 18(42.85) 24(57.15) 42(35.00)
Primary school 44(65.67) 23(34.33 67(55.83)
Higher secondary 7(97.5) 1(12.5) 8(06.67)
graduate and above 3(100) 0(0.00) 3(02.50)
Income (in Rs.) 
<1000 9(40.99) 13(59.01) 22(18.33)
1000-5000 57(64.77) 31(35.23) 88(73.34)
5000-10,000 4(57.14) 3(42.86) 7(5.83)
10,000-15,000 0(0.00) 0(0.00) 0(0.00)
>15000 2(66.66) 1(33.34) 3(2.50)
Duration of fever 
1 day 0(0.00) 3(100) 3(2.50)
2 day 5(55.56) 4(44.44) 9(7.50)
3 day 14(58.34) 10(41.66) 24(20.00)
>4 day 53(63.94) 31(36.06) 84(70.00)
First aid in case of fever 
Home remedy 0(0.00) 0(0.00) 0(0.00)
Self medication 0(0.00) 0(0.00) 0(0.00)
Consulted a doctor 72(60.00) 48(40.00) 120(100)
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Consulted chemist for medication 0(0.00) 0(0.00) 0(0.00)
Others 0(0.00) 0(0.00) 0(0.00)
No comments 0(0.00) 0(0.00) 0(0.00)
knowledge about symptoms of Malaria 
Fever+chills 13(76.48) 4(23.52) 17(14.16)
fever+chills+bodyache 24(66.66) 12(33.34) 36(30.00)
fever+chills+bodyache+headache 11(57.89) 8(42.11) 19(15.84)
All above symptoms + vomiting 5(29.41) 12(70.59) 17(14.16)
no idea 19(61.29) 12(38.71) 31(25.84)
knowledge about malaria transmission 
Mosquito  bite 34(73.91) 12(26.09) 46(38.33)
By flies 1(100) 0(0.00) 1(0.83)
Contaminated water 0(0.00) 0(0.00) 0(0.00)
Contaminated food 0(0.00) 0(0.00) 0(0.00)
Others 0(0.00) 0(0.00) 0(0.00)
No idea 38(52.05) 35(47.95) 73(60.84)
knowledge about breeding places of Mosquito 
Water collection  20(74.07) 7(25.93) 27(21.95)
Garbage 49(66.21) 25(33.79) 74(60.26)
Water collection + Garbage 8(66.66) 4(33.34) 12(09.66)
Flower pots 0(0.00) 0(0.00) 0(0.00)
Coolers  0(0.00) 0(0.00) 0(0.00)
Air 0(0.00) 0(0.00) 0(0.00)
No idea 2(20.00) 8(80.00) 10(8.13)
Others 0(0.00) 0(0.00) 0(0.00)
knowledge about diseases transmitted by mosquitoes 
Dengue 8(66.67) 4(33.33) 12(8.39)
Malaria 15(68.18) 7(31.82) 22(15.38)
Diarrhea 0(0.00) 0(0.00) 0(0.00)
Typhoid 0(0.00) 0(0.00) 0(0.00)
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Filaria 1(50.00) 1(50.00) 2(1.40)
chikungunya 5(45.45) 6(54.55) 11(7.69)
No idea 62(64.58) 34(35.42) 96(67.14)
Others 0(0.00) 0(0.00) 0(0.00)
Knowledge about preventive measures from mosquitoes bite with use of 
Nets 26(68.42) 12(31.58) 38(30.16)
Nets/fans 22(57.89) 16(42.11) 38(30.16)
Nets/fans/proper clothing 1(50.00) 1(50.00) 2(1.59)
All above/ avoid water collection 0(0.00) 0(0.00) 0(0.00)
All above/ check coolers 0(0.00) 0(0.00) 0(0.00)
All above/ check flower pots, tires 0(0.00) 0(0.00) 0(0.00)
Others 23(82.14) 5(17.86) 28(22.22)
No idea 6(30.00) 14(70.00) 20(15.87)
Self protection from mosquitoes bites 
Mats 14(66.67) 7(33.33) 21(16.16)
Coils 30(65.22) 16(34.78) 46(35.38)
Bed nets 4(40.00) 6(60.00) 10(07.69)
Fans 3(25.00) 9(75.00) 12(09.23)
Others 25(80.64) 6(19.36) 31(23.85)
No idea 0(0.00) 10(100) 10(07.69)
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CHAPTER – VI 
CONCLUSION 
 
Mosquitoes are the successful survivor through the ages. Going through the various 
aspects of mosquitoes, as a challenge, as a disease vector, as a cause of economical loss 
and one of the hurdles in the development of the country, it was always realized during 
study that there was always lacunae in the practical applications of anti mosquito 
measures. Rajkot city was found in very bad shape in case of mosquitoes because there is 
an ample amount of breeding and resting sites available for the mosquitoes. Mosquito 
species like An. stephensi, An. subpictus and An. culicifacies of genus Anopheles, Cx. 
quinquefasciatus, Cx. tritaeniorhynchus and Cx. vishnui of genus Culex, Ae. aegypti and 
Ae. vittatus of genus Aedes and Ar. obturbans of genus Armigeres were found 
successfully breeding in Rajkot city in which larval and adult density of Cx. 
quinquefasciatus was recorded highest than any other mosquito species. It is apparent 
that density of mosquito is directly associated with the availability of breeding sites and 
favorable environmental conditions. Mosquitogenic conditions were found prevalent 
through out the study area.  
 
The responsibility of keeping the household and neighborhood clean lies on the shoulder 
of the residents. There must be a strict practical application of the law of covering 
domestic water collection vessels. An integrated strategy for improving the water logging 
conditions and eradication of mosquitoes is needed so that the residents get relief from 
frequent bouts of mosquito borne disease. A key challenge is to translate this efficacy 
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into operational effectiveness through large-scale community based programmes 
(Michael et al., 2006). All the common sewage water drainages must be under grounded 
as one tool for reducing mosquitoes in Rajkot.  
 
The fact that many larvae were coming from few sites, suggests that mosquitoes could be 
reduced by active targeting of specific areas by proper larvicidal and insecticidal 
activities at proper dosages of Abate (Temephos 50% EC) larvicide (Table. 6.1) and 
deltmethrin insecticide with 0.05 percent must be used at proper period during the year 
(Table. 6.2). Frequent tests must be conducted to measure increase in susceptibility, 
tolerance and resistance of larval and adult mosquitoes. 
     
The impact of socio-economic conditions can not be denied in spreading of diseases. 
These factors, including adequate health care and sanitation, which is affecting more 
significantly on current geographic distribution of mosquitoes and human incidence of 
many diseases than climate (Marianne and Jonathan, 2001). Education regarding 
mosquito borne diseases through various campaigns should be carried out. House to 
house awareness based programmes must be conducted. People should be guided for the 
available facilities for the detection of various mosquito borne diseases. Thus, proper 
level of health education, awareness and improvement in economical condition will show 
considerable impact in eradication of mosquitoes and mosquito borne diseases. The 
success in implementing preventive interventions amongst people is likely to be 
determined in part by awareness of malaria and the strategies available to prevent it. Now 
that effective malaria interventions are available and political will is required to 
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implement them, to maximize the potential for health impact, it is essential to empower 
the intended recipients of interventions by providing the knowledge which can influence 
their health decisions (Rohida et al., 2004).  
‘Prevention is better than cure’ 
Ultimately it is clear after study that to prevent an individual from mosquito bite is more 
important and practical than efforts to kill mosquitoes. 
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Table. 6.1 Different concentrations of Abate (Temephos 50% EC) recommended for 
different time intervals. 
Concentration (mg/l) Mosquito species 
1hr 5hr 24hr 
An. stephensi 200 50 1 
Cx. quinquefasciatus 200 50 1 
Ae. aegypti 200 200 10 
 
Table. 6.2 Recommended months for larvicidal and insecticidal activities. 
 
Months Larvicidal activity Insecticidal activity 
January  + 
February  + 
March +  
April +  
May +  
June + + 
July  + 
August  + 
September + + 
October +  
November  + 
December  + 
                         + For application of activity 
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CHAPTER – VII 
VECTOR CONTROL MODEL 
 
This system is designed by keeping two goals in center are (1) mosquito control and (2) 
disease control in Rajkot city.  
  
7.1 Controlling Mosquitoes 
This system involves water management for breeding habitat control and adult mosquito 
control. 
Breeding Habitat control 
The habitat-based framework highlights the effectiveness of targeted interventions in 
reducing the mosquitoes and disease burden (Weidong et al., 2006). 
Water management 
Water management system in Rajkot will involve (1) ponds, dams and waste water 
systems (2) rain water management and (3) domestic water collection management.  
• The application of larvivorous fishes for large water reservoirs as well as pools 
and ditches formed by rainfall.  
• All the open drainage system will be under grounded. As open waste water 
systems like drainages, ditches and rivers are situated in close proximities to 
human settlements and they increase organically enriched water sources for 
mosquitoes of Culex species and Armigers species.  
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• Domestic water collection vessels are the breeding sites for vector mosquitoes 
like An. stephensi and Ae. aegypti. There will be a common law for covering 
water collection vessels with government subsidy for constructing covers. 
• Formation of inspection squad which will inspect the houses for the presence of 
mosquito larvae and if larvae are found then resident will be punished by charging 
money.  
• Constructional activities will not be allowed until workers will be provided with 
temporary settlement having all the basic facilities including water storage and 
sanitation. 
 
Mosquito management 
This system will be dealing with larval and adult mosquitoes. 
• Formation of special ‘anti mosquito task force’ which will deal with larval and 
adult mosquitoes. This force will be facilitated with one toll free number. Any 
person who finds the presence of larvae at any place throughout the city can 
inform by dialing the number. Thus anti mosquito task force will identify the 
place with the help of satellite mapping system. This system will also help to keep 
an eye on development of breeding habitat through out the city especially during 
monsoon. Identified place will be eliminated by either filling it with soil or 
application of larvicide as an ultimate tool. This force will also give fumigation 
treatment with the help of insecticides through out the city with intervals. 
• A laboratory set up which will continuous keep an eye on mosquito larval and 
adult density and changes in the susceptibility, tolerance and resistance of larval 
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and adult mosquitoes and designing strategy for special anti mosquito task force. 
This set up will also work on developing new biodegradable larvicides and 
insecticides. 
 
7.2 Generating awareness 
This aspect is much more important in terms of controlling mosquitoes. General people 
should be aware about mosquitoes and mosquito borne diseases. Without community 
participation mosquito and disease control is not possible. People of Rajkot should be 
aware for their noble duty towards mosquito problem. Responsibility for the generation 
of awareness also lies on the soldier of media, NGOs, local government and each and 
every individual of the Rajkot city. 
 
• Advertisements and programmes regarding mosquitoes and mosquito borne 
diseases will be frequently telecasted on Televisions and Radios. 
• Formation of help line providing information about general aspects of 
mosquitoes, related diseases and treatment facilities available in Rajkot city. 
• Placing an electronic device giving audio visual presentation about above 
mentioned aspects at public places within the city like city bus stand, railway 
station, government civil and other hospitals. The design of a device will be 
suitable for small children and illiterate persons.      
• Use and benefits of insecticide treated bed nets and other repellants available in 
the market will be explained and promoted. Screening of windows and other 
apertures is also very effective in keeping out mosquitoes, provided the screening 
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is well fitted and without tears. This will also include one campaign to provide 
insecticide treated bed nets with the help of NGOs and Government to the people 
living without shelter.  
 
7.3 Disease treatment 
For the effective disease control programme formation of disease treatment force will be 
done which will function as given below.  
• Under the primary health care system mosquito borne disease case detection and 
treatment services will be undertaken through fortnightly house to house visits by 
this force with the help of health workers, case detection/treatment agencies such 
as fever treatment depots and drug distribution centers.  
• This force will also work for staff motivation by meetings and programmes. As it 
is an important factor to determine the quality of care, hence deserving attention 
by policy makers and other key decision-makers in the health system. Evidence 
shows that a well-functioning health system depends on the motivated work force, 
amongst other things (Godfrey et al. 2005). 
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CHAPTER - VIII 
SUMMARY 
Mosquitoes are important carriers of various diseases like malaria, dengue, filaria, 
Japanese encephalitis, west nile virus and chikungunya. Two species viz. Anopheles 
stephensi and Anopheles culicifacies are well known vector of malaria in urban and rural 
area respectively. Most important vector of filaria disease is Culex quinquefasciatus. 
Aedes aegypti and Aedes albopictus are two well known vectors of dengue disease. 
Japanese encephalitis (JE) is spread by Culex vishnui and Culex tritaeniorhynchus and 
chikungunya is spread by Aedes albopictus. Insecticides and larvicides, in the form of 
dust, powder or liquid are important weapons developed by men to fight against adult and 
larval mosquitoes.  
 
Rajkot is facing mosquito problem since several decades. Malaria is more prevalent than 
any other disease in the city. Domestic water storage is most common practice through 
out the city due to water scarcity. Major part of Rajkot population is poor in disease 
assessment, attitudes towards healthy life style and knowledge of malaria control 
strategy. Thus every year hundreds of the people suffer from mosquito borne diseases. 
Efforts are being put by local government to control mosquito population and disease 
spreading. In addition to that government is also conducting awareness programmes 
through media, despite diseases are not under control and have become important public 
health problem. 
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Considering the need of the detailed study on the mosquitoes in Rajkot city, this study 
was designed with following aim. To generate baseline data about mosquitoes in Rajkot 
city, understanding bionomics of mosquito species, evaluate susceptibility, tolerance and 
resistance status of larvae and adults of vector mosquito species and to estimate the 
awareness about mosquitoes and mosquito borne diseases, health consciousness among 
people and understand role of socio-economical and awareness related aspects 
influencing mosquitoes and related hazards.  
Objectives 
• To discover the mosquito species in the study area, 
• To study the ward wise larval and adult density, 
• To estimate influence of natural and anthropogenic factors on mosquitoes, 
• Establishment of susceptibility status of larvae and adults of vector species 
(Anopheles stephensi, Culex quinquefasciatus and Aedes aegypti) to pesticides 
being used, 
• Assessment of impact of awareness about mosquitoes and mosquito borne 
diseases on society,  
• To assess the knowledge and health consciousness about malaria among malaria 
patients, and 
• On the bases of the studies, plan of new strategy for disease control. 
 
A study was carried out on all mosquito species found in study area (Rajkot city) from 
January to December 2004, including survey of mosquito breeding sites, resting sites and 
density of larval and adult mosquitoes in any type of habitat from 23 wards of Rajkot 
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Municipal Corporation. Standard larval and adult mosquito collection methods were 
employed for the collection. Larval density and adult density were calculated by using 
standard formulas and morphological identification of the mosquito species was done 
using standard references. Monthly and ward wise data were obtained. Data on adult 
density were compared with environmental factors like temperature, humidity and 
rainfall.  
 
The data analysis reveled that mosquitoes and mosquitogenic conditions prevailed 
throughout the Rajkot city. Mosquito species density varies according to seasonal 
changes i.e. changes in atmospheric temperature, humidity and rainfall. It was observed 
that high temperature gives adverse effect on mosquitoes. Post monsoon season time is 
ideal for the mosquitoes to breed and sustain. 
 
Development of resistance against the chemical larvicides and insecticides in mosquitoes 
has always been a major challenge for the world. Experiments were carried out to 
estimate and establish base line data of susceptibility, tolerance and resistance in the 
selected larval and adult vector mosquito species viz. An. stephensi, Ae. aegypti and Cx. 
quinquefasciatus. These experiments were conducted during 1st July 2006 to 31st March 
2007. Commercial larvicides like Abate (Temephos 50% EC) and Baytex 1000 (Fenthion 
82.5% EC) and insecticides like deltmethrin0.05% and malathion5% commonly used by 
the local government body were selected and a commercially available insecticide 
containing cyfluthrin 0.025% and transfluthrin 0.04% was also selected for the 
experiments. Standard protocols were followed for experiments.  
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The results show that mosquito species are developing resistance against larvicides and 
insecticides in Rajkot city area. The dosage level recommended by larvicide 
manufacturers did not show considerable effect on the mosquito larvae. Expected results 
of larvicides were obtained after 24 hrs of treatment, It was reveled that Abate 
(Temephos 50% EC) is more effective than Baytex 1000 (Fenthion 82.5% EC). In case of 
insecticides deltmethrin0.05% is more effective than malathion5%. The sensitivity of An. 
stephensi and Ae. aegypti against insecticides is more than Cx. quinquefasciatus. 
Commercially available fumigant insecticide had poor results.  
 
A study on awareness was carried out from 5th August 2006 to 11th March 2007 to 
estimate the awareness about mosquitoes and mosquito borne diseases by public and 
health consciousness among hospitalized malaria patients. A questionnaire related to 
disease, disease vector and health seeking behavior was used. Study area was divided into 
four zones and 500 residential houses were randomly selected from each zone for the 
survey. One person per house was interviewed. The malaria patients admitted were 
interviewed in Government and some private hospitals every week during the study. 
Total 120 malaria patients were interviewed. 
 
Analysis of the data showed low to moderate awareness level among the respondents. 
Illiteracy level was high among respondents, which leads to lack of awareness. Majority 
of the respondents know that malaria is caused by mosquitoes but they had 
misconception about malaria vector and its breeding sites. Awareness campaign 
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regarding malaria vector and its breeding preferences should be created to control the 
vector breeding. Personal care and household protection methods are indicators of socio-
economic status which in itself has been reported as an important factor associated with 
malaria. While estimating the impact of media in generating awareness it was observed 
that television, radio and newspaper are the most potential media.  
 
While studying awareness aspects among patients of malaria, It was found that this 
disease is prevalent most among 15-45 years of age group and it was also recorded that 
majority of the patients were males. Most of the patients were found illiterate or had 
primary level of schooling, which leads to unawareness. Poor economical condition was 
also found one of the major factors because it was found effecting education and facilities 
in the house. Unfortunately most of the people used some singular preventives measures 
instead of combination of several. Thus, these all factors discussed above were found 
most important from the present study. Communication and personal interaction activities 
should be carried out to create awareness and about serious aspects of malaria among 
people. 
 
Going through various aspects of mosquito biology, it has been realized that there is 
always lacunae in the practical application of anti mosquito measures. Among all 
mosquito species, density of Cx. quinquefasciatus is very high. It is realized that planning 
on large-scale by authorities is needed in the fields of controlling vector and disease, 
application of larvicides and insecticides and awareness generation. All the drainages 
must be under grounded. 
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PLATES 
Mosquito breeding habitats 
 
Plate. 3.1 Pond 
 
Plate. 3.2 River 
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Plate. 3.3 Pool 
 
Plate. 3.4 Ditch 
 
 
 165
 
Plate. 3.5 Pukka open type of drainage (constructed) 
 
Plate. 3.6 Kachcha open type of drainage (Not constructed) 
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Plate. 3.7 Ditch of sewage water in open area 
Domestic water collection vessels  
 
Plate. 3.8 Uncovered concrete tank under stair case 
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Plate. 3.9 Overhead tank (Covered) 
 
 
Plate. 3.10 Underground tank (Covered) 
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Plate. 3.11 Cement drums 
 
 
Plate. 3.12 Metal drums 
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Plate. 3.13 Plastic Drum 
 
Plate. 3.14 Small vessels 
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Domestic resting habitats of Adult mosquitoes 
Different type of human dwellings 
 
 
Plate. 3.15 Concrete houses 
 
Plate. 3.16 Multistoried apartments 
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Plate. 3.17 Mud houses 
Human dwelling flanked by cattle sheds  
 
Plate. 3.18 House with domestic cattle and cattle shed
 172
APPENDIX 
Appendix. 1 Questionnaire for awareness survey.  
No. of persons   
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Age  
<15                                     
15 – 45                                     
46 - 60                                      
>60                                      
Caste                                     
Education of respondents  
Illiterate                                     
Primary school                                     
Higher secondary                                     
Graduate & above                                     
Income  
<1000                                     
1000 - 5000                                     
5000 - 10,000                                     
10,000 - 15,000                                     
>15,000                                     
Malaria is transmitted by  
Mosquito bite                                     
Housefly bite                                     
Drinking of dirty water                                     
Contaminated food                                     
Due to sins                                     
 173
No idea                                     
Others                                     
Name of malaria vector  
Mosquito                                     
Anopheles                                     
Female Anopheles                                     
Male Anopheles                                     
Male Culex                                     
Aedes mosquito                                     
No idea                                     
Others                                     
Malaria vector breeds in  
Water                                     
Clean  water                                     
Dirty flowing water(Drainage)                                     
Clean flowing water                                     
River                                     
No idea                                     
Others                                     
When infected with malaria you consulted to 
Govt. hospital doctors                                     
Private clinics                                     
Home remedy                                     
Witch doctor                                     
Did nothing                                     
Others                                     
What type of methods you used in your house to prevent your self from mosquito biting    
Mosquito net                                     
 174
Mat, agarbatties                                     
Insecticides                                     
Fan                                     
Covering of bodies with sheets                                     
Others                                     
No idea                                     
According to you malaria is an  
Ordinary disease                                     
Serious disease - if not treated in time                                     
A serious disease                                     
No idea                                     
Others                                     
Malaria parasite belongs to  
Bacteria                                      
Protozoa (plasmodium)                                     
Virus                                     
Amoeba                                     
No idea                                     
Others                                     
According to you malaria control should be carried out by  
Govt. agencies only                                     
Private agencies                                     
Public                                     
Govt. + Public operation                                     
No idea                                     
Others                                     
Name of the some commonest medicines you know  
Chloroquine                                     
 175
Quinine                                     
Metacin                                     
Combiflam                                     
Other medicines                                     
No idea                                     
Name of some commonly used insecticides 
DDT                                       
Finit                                     
Baygon                                     
Phenyl                                     
Others                                      
No idea                                      
Source of information  
Television                                     
Radio                                     
Handbills                                     
Hording                                     
News paper                                     
Others                                     
No idea                                     
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Appendix. 2. Questionnaire for malaria patient awareness survey. 
No. of malaria patients   
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Age 
<15                                 
15-45                                 
46-60                                 
>60                                 
SEX                                 
Caste                                 
Education of respondents 
Illiterate                                 
Primary school                                 
Higher secondary                                 
graduate and above                                 
Income (in Rs.) 
<1000                                 
1000-5000                                 
5000-10,000                                 
10,000-15,000                                 
>15000                                 
Duration of fever 
1 day                                 
2 day                                 
3 day                                 
>4 day                                 
 177
 
First aid in case of fever 
Home remedy                                 
Self medication                                 
Consulted a doctor                                 
Consulted chemist for medication                                 
Others                                 
No comments                                 
knowledge about symptoms of Malaria 
Fever+chills                                 
fever+chills+bodyache                                 
fever+chills+bodyache+headache                                 
All above symptoms + vomiting                                 
no idea                                 
knowledge about malaria transmission 
Mosquito  bite                                 
By flies                                 
Contaminated water                                 
Contaminated food                                 
Others                                 
No idea                                 
knowledge about breeding places of Mosquito 
Water collection                                  
Garbage                                 
Water collection + Garbage                                 
Flower pots                                 
Coolers                                  
Air                                 
 178
 
No idea                                 
Others                                 
knowledge about diseases transmitted by mosquitoes 
Dengue                                 
Malaria                                 
Diarrhea                                 
Typhoid                                 
Filaria                                 
chikungunya                                 
No idea                                 
Others                                 
Knowledge about preventive measures from mosquitoes bite with use of 
Nets                                 
Nets/fans                                 
Nets/fans/proper clothing                                 
All above/ avoid water collection                                 
All above/ check coolers                                 
All above/ check flower pots, tires                                 
Others                                 
No idea                                 
Self protection from mosquitoes bites 
Mats                                 
Coils                                 
Bed nets                                 
Fans                                 
Others                                 
No idea                                 
 
 
 179
Appendix. 3. Prevalence of malaria in Rajkot during 2004. 
 
List of Government hospitals in Rajkot: 
1. Civil  
2. K. T. Children 
3. Janana 
  
Figure. 1. Monthly average malaria cases reported during 2004.   
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Table. 1. Ward wise malaria cases reported in government hospitals of Rajkot during 2004 (n=545). 
 
Ward No. 2004 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Jan. 1 1 4 1 1 2 4 0 2 1 0 2 2 1 2 2 1 2 3 4 1 2 3
Feb. 0 2 2 1 1 0 0 0 0 0 0 0 1 0 1 0 0 1 2 0 0 2 2
Mar. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
Apr. 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 2 2 0 0 2 1 0 1
May 0 0 0 0 2 0 0 0 0 0 0 0 3 2 0 2 1 0 0 5 0 3 4
Jun. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 1
Jul. 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 1 1 0
Aug. 1 0 0 1 2 1 3 0 0 0 0 0 0 1 2 0 0 1 1 7 0 0 3
Sept. 2 7 5 14 8 1 16 5 2 0 4 1 3 7 3 3 8 6 11 20 7 14 9
Oct. 1 5 2 12 7 1 8 4 3 3 0 2 3 0 4 1 6 4 9 16 9 10 8
Nov. 2 2 1 3 2 1 5 2 3 2 0 1 4 3 3 3 6 3 2 7 7 4 4
Dec. 1 3 2 5 4 2 3 3 2 4 0 0 3 1 3 4 1 7 6 6 5 5 5
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Figure. 2. Ward wise average malaria cases reported during 2004. 
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Table. 2. Monthly total number of reported malaria patients in different age groups in Rajkot during 2004 (n=545). 
 
Age group 2004 
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 66-70 71-75 76-80 81-85 86-90 91-95 96-100 
Jan. 3 2 8 10 7 5 2 3 2 3 1 0 0 0 0 0 0 0 0 0 
Feb. 2 1 1 1 2 1 1 0 0 2 0 0 0 0 0 0 0 0 0 0 
Mar. 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Apr. 1 0 0 4 3 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 
May 3 1 1 6 2 2 4 1 0 2 0 0 0 0 0 0 0 0 0 0 
Jun. 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Jul. 1 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aug. 0 1 1 5 3 5 2 1 3 0 0 2 0 0 0 0 0 0 0 0 
Sept. 15 5 10 27 26 25 11 16 7 5 2 4 0 2 0 1 0 0 0 0 
Oct. 13 5 7 21 21 15 11 9 5 2 4 3 1 2 0 0 0 0 0 0 
Nov. 7 3 4 10 8 13 7 5 0 8 1 1 0 0 1 0 0 0 0 0 
Dec. 10 2 2 10 13 10 9 6 4 2 1 4 1 1 0 1 1 0 0 0 
total 55 22 36 97 88 76 47 43 22 25 9 14 2 5 1 2 1 0 0 0 
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Figure. 3. Average of reported malaria cases in different age groups in Rajkot during 2004. 
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Figure. 4. Average number of male / female malaria patients reported in different age groups at Rajkot during 2004. 
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Figure. 5. Annual average malaria caused by Plasmodium falsiparum (PF) and Plasmodium vivex (PV) in Rajkot during 2004. 
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